






cy . 
—_. 






me ielc gcse 
Woenitatitalste 





el a 


ie Eine vf = | 
el=E=| 088) 
Alara LB) 


i AB! OUT 











Pinar es oe =3 esl 
natural phenomena 











INCREDIBLE 





The planet we live on isa remarkable place, with incredible 
things happening everywhere, all the time. But have you ever 
wondered how or why these things occur? How the Earth was 
created? How we predict the weather? How fossils form? What 

causes earthquakes? Which animals glow inthe dark? The 
How It Works Book of Incredible Earth provides answers to all 
these questions and more as it takes you ona thrilling journey 
through everything you need to know about the world we live 

in. Covering the scientific explanations behind weather 
phenomena, poisonous plants, extreme landscapes and 
volatile volcanoes, as well as the amazing creatures found 
throughoutthe animal kingdom and in our homes, there is 
something for everyone to enjoy. Packed full of fascinating 
facts, gorgeous photography and insightful diagrams, the Book 
of Incredible Earth willshow you just how awe-inspiring our 
planet really is. 
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Daring adventurer and wildlife enthusiast 





ter afew years of living in the jungle, 

Steve Backshall earned the title 

‘Adventurer in Residence’ for National 
Geographic Channel in 1998. He moved to the BBC 
in 2003, and has been making programmes about 
exploration and wildlife ever since. Backshall has 
come face-to-face with some of the planet's most 
fearsome predators. He confesses: “lam much 
more frightened ina big city on a Saturday night 
alter pub closing time than I would be tracking 
lions on foot.” Backshall is going ona UK tour to 
share stories and reveal some of the behind-the- 
scenes action from his expeditions. Wespoke to 
him about survival tips, death-defying climbs 
and dancing with whales. 


Your TV shows are edge-of-your-seat 
viewing, but what don't we see on screen? 
The outtakes usually involve animals doing the 
opposite of what | want. There are countless 
examples of animals ignoring me, breaking wind 
in my face, snapping and snarling, and doing 
other things that you don't expectthem to. 


What is the most difficult part of your job? 

[ think the most difficult partis how long it can 
take to find particular animals. Some things! can 
go out and find without too much trouble, Other 
things take inordinate amounts of effort and 
patience, and it can start to get quite stressful 
knowing somehow you ve got to film this show 
and you haven't found the animal yet. 


Have there been any moments in your career 
where you've genuinely feared for your life? 
The expedition involving the first ascent of 
Amaurai Tepui, a vertical, sandstone-sided 
mountain in Venezuela. It was the follow-on to 
the highly successful firstascent we'd donea few 
years before. We were really excited about it, and 
itended up being much more dangerous than we 
thought. We had rock-fall tumbling around our 
ears, a Massive storm that raged in. Itwas unsafe. 
Even the guys on the team, who are some ofthe 
best climbers in the world, were terrified. 


What's the greatest discovery you've made? 
I've been lucky enough to take the first light into 
cave systems that have never been explored, to 
make firstascents of mountains, first descents of 
white-water rivers, and to hold animals in my 
hand that are new to science. Perhaps the greatest 
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Steve Backshall discusses life on the edge | pyitesanstpner mebumbowpamle 


of those was on the Lost Land of the Volcano venitataslvaane tia ‘s rapisliateiey wb ich 
expedition. We went to New Guinea witha team raat earnest 

of scientists, and discovered as Many as 20 new | 
animals, including the world’s largest 
species of giant rat, a new marsupial, anew ii 
bat and about ten new species of frog. 







Do you have a bucket list of animals 
you want to see? 

There are alot ofanimals that I've puta huge 
amount of work into finding and still haven't 
seen. I've spent atleasttwomonthsontheroad 
looking for mountain lions and never seen r 
one. | would love to go tothe Karakoram in 
Pakistan to climb and look for snow 
leopards. That would bea dream. The 
longer Ido this, the more | see what is left 
to do, and the bigger my list becomes. 





What's the most beautifulthinginnature? . 
Probably free-diving alongside a female 
sperm whale, who was interacting with 
me, almost dancing with me, underwater. 
She was mirroring my movements, 
replicating the same somersaults | was 
doing and looking me inthe eye the whole 
time. It was like dancinga ballet with an 
animal that must have weighed ten tons. 
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Exploring caves in Thailand is allina 
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Steve has wrestled with 
anacondas, vipers and cobras, 
but his only snakebite was 
from an adder in the UK 
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What 1s the scariest animal on the planet? 
The scariest is the hippo becauseitisso 
unpredictable. Snakes, scorpions and spiders 
almost have aset of rules for how they will behave 
in each situation. Hippos are much more 
intelligent than you might think, much faster and 
have a tendency to be aggressive as well, so that 
coupled with the fact that you don’t know what 
they're going to do next makes them potentially 
the most dangerous animal to be around. 


Where is your favourite place on Earth? 
Probably the Himalayas. | geta chance to go back 
there quite often. It’s. a place where the grandeur 
and majesty of the landscape is phenomenal. It 
changes constantly throughout the day, week and 
year. It's a place with many unclimbed peaks and 
creat challenges, so I love it. 


What item of kit could you never miss? 
Superglue. Itwas apparently developed in the 
Vietnam War for surgical use, and | still use it for 
that now, lapply it to blisters and minor cuts and 
it can also be used to hold together elements of 
your kit. It’s one of the firstthings that I pack. 


What useful survival tip have you received? 
When you're working with predatory animals, 
never run. Predators, generally speaking, have 
leat over generations to fear us human beings. If 
you encounter even potentially very dangerous 
animals, such as big cats, inthe wild, the chances 
of them attacking you are close to zero, unless you 
run. The second you run, you are doing what prey 
does and their instincts kickin and they will 
chase you downand attack you. Stand still and 
you'll probably get away with it. 


Any advice for aspiring adventurers? 

start small and close to home. Adventure begins 
in your own back yard. Learn aboutthings you 
can find right herein the UK: the bugs and 
invertebrates that live in your garden, Particularly 
at this time of year, when it’s warm, there will be 
plenty of things in your garden that you might not 
know about but have incredible, interesting lives. 
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Ancient and teeming with life, 
Earth is a truly amazing planet, 
with a fascinating tale to tell... 





T oday, science has revealed much about 
our planet, from how it formed and has 
evolved over billions of years through to 
its current position in the universe. Indeed, 
right now we havea clearer picture of Earth 
than ever before. 

And what a terrifying and improbable 
picture itis. Amassive spherical body of metal, 
rock, liquid and gas suspended perilously 
within a vast void by an invisible, binding 
force. Itisa body that rotates continuously, is 
tilted on an axis by 23 degrees and orbits once 
every 365.256 solar days arounda flaming ball 
of hydrogen 150 million kilometres (93 million 
miles) away. It is a celestial object that, on face 
value, is mind-bendingly unlikely. 

Asaresult, the truth about our planet and its 
history eluded humans for thousands of years. 
Naturally, as beings that like to know the 
answers to howand why, we have come up 
with many ways to fillin the gaps. The Earth 


was flat: the Earth was the centre of the 
universe; and, of course, all manner of complex 
and fiercely defended beliefs about creation. 

But then in retrospect, who could have ever 
puessed that our planet formed from specks of 
dustand mineral grainsina cooling gas cloud 
of a solar nebula? That the spherical Earth 
consists of a series of fluid elemental layers and 
plates around an iron-rich molten core? Or that 
our world is over 4.5 billion years old and 
counting? Only some of the brightest minds 
over many millennia could grant an insight 
into these geological realities, 

While Earth may only be the fifth biggest 
planet in our Solar System, it is by far the most 
awe-inspiring. Perhaps most impressive ofall, 
it’s still reaffirming the fundamental laws that 
have governed the universe ever since the Big 
Bang. Here, we celebrate our world in allits 
elory, charting its journey from the origins 
right up to the present and what lies ahead. 


“Earth is gwe-inspriring... t's still reaffirming 
the fundamental laws that have governed 
the universe ever since the Big Bang” 
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From dust to planet 


SNepee me re ea UCR PLGOM SO AM S=e ct UG eR Cegtntcre Pm reaci 
we need to understand how the Solar System 
as a Whole developed -and from what. Current 
evidence suggests that the beginnings of the 
Solar System lay some 4.6 billion years ago with 
the gravitational collapse of a fragment ofa 
giant molecular cloud. 

In its entirety this molecular cloud —an 
interstellar mass with the size and density to 
COPeteMONte cmc Met Cem ILUORdes cD Ree hee aleiteltuemne 
have been 20 parsecs across, with the fragment 
just five per cent of that. The gravitationally 
induced collapse of this fragment resulted ina 
pre-solar nebula -a region of space with a mass 
slightly in excess of the Sun today and 
consisting primarily of hydrogen, helium and 
lithium gases penerated by Big Bang 
ate ta Coee REL Meee Pete hp 

At the heart of this pre-solar nebula, intense 
gravity -along with supernova-induced 
Wis cee e IA LOOP Met aM) Cem On ecb 
pressures, nebula rotation (caused by angular 
TiTeLULAP TESTU Te MULT ateremtt Etats CeCe Dg 
conjunction caused it to contract and flatten 
into a protoplanetary disc. A hot, dense 
protostar formed at its centre, surrounded bya 
200-astronomical-unit cloud of gas and dust. 

LORI cetM Gitte) Pale RBege Ce) e) re bilstc la 
WURTORG atc) etc DMM T ATOM C atl M Nt) OER Ns ecR tito eeL ae 
While the protostar would develop a core 
Tela eta ees Tem elds t0 eon Om PIT L arts | ia 
hydrogen fusion over a period of approximately 
50 million years, the cooling gas of the disc 
would produce mineral grains through 
Meee aCe UAT MARLO OR Twine mene hy 
meteoroids. The latest evidence indicates that 
the oldest of the meteoroidal material formed 
EU aeRO MMos Pees ee 

ROI Mtl e ieee POG ER a omel ech IRC adsl g 
to form ever-larger bodies of rock (first 
chondrules, then chondritic meteoroids), 
through continued accretion and collision- 
induced compaction, planetesimals and then 
protoplanets appeared — the latter being the 
precursor to all planets in the Solar System. In 
CMEC MOt tom CSTE LACO TRS) Oot aed PaO LomePeUP NERO 
multiple planetesimals meant it developeda 
dhe LOCH e Tela me LATO Um eleM TOLL eTe lel ered mee) 
sweep up additional particles, rock fragments 
and meteoroids as it rotated around the Sun. 
PW etemOaap ee iim EMO) Mee em sits cole rd eee] ve emer te 
we shall see over the page, enable the 
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Dust and grains 
Dust and tiny pieces of 
minerals orbiting 
around the T Tauri star 
impact one another and 
continue to coalesce 
Into ever-larger 
chondritic meteoroids. 


Fully formed 

Over billions of years 
Earth's atmosphere 
becomes oxygen rich and, 
through a cycle of crustal 
formation and destruction, 
develops vast landmasses. 


! on to capture other bodies. 
| This led to an asteroid- 
| sized planetesimal. 
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Gathering 
meteoroids 

Chondrites aggregated as 
aresult of gravity and went | 





‘The collapse of this fragment resulted in a 
pre-solar nebula — a region of space with a 
mass slightly in excess of the Sun today” 
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our planet's epic development 
*(BYA = billion years ago) 


13.8 BYA* (4.6 BYA 





Big Bang fallout New nebula 
Nucleosynthesis as aresult | A fragment of a giant 
of the Big Bang leads to molecular cloud 
the gradual formation of experiences a gravitational 
chemical elements ona collapse and becomes a 
ele temeatete | oe igcmecte] (mb s1 10 FeR 
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Layer by layer 
Under the influence of 
gravity, the heavier 
elements inside the 
protoplanet sink to the 
centre, creating the major 


layers of Earth's structure. 


Origins of the Moon 


Today most scientists believe Earth's sole 
satellite fonmed off the back of a collisian event 
that occurred roughly 4.53 billion years ago. At 
this time, Earth was in its early development 
stage and had been impacted numerous times 


by planetesimals and other rocky bodies - 
events that had shock-heated the planet and 
brought about the expansion of its core, 

One collision, however, seems to have been a 
planet-sized body around the size of Mars - 
dubbed Theia. Basic models of impact data 
suggest Theia struck Earth at an oblique angle, 
with its iron core sinking into the planet, while 
its mantle, as well as that of Earth, was largely 
hurled into orbit. This ejected material - which is 
estimated to be roughly 20 per cent of Theia's 
total mass - went on to form aring of silicate 
material around Earth and then coalesce within 
a relatively shart period (ranging from a couple 
of months up to 100 years) into the Moon. 


Planetesimal 

By this stage the 
planetesimal is massive 
enough to effectively 


sweep up all nearby dust, 
grains and rocks as it 
orbits around the star. 


| Growing core 

| Heated by immense 

| pressure and impact 
events, the metallic 
core within grows. 

| Activity in the mantle 
and crust heightens. 
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came about approximately 4.5 billion years ago 
through a series of large-scale impacts from 
planetesimals and other large bodies (like Theia). 
These collisions occurred during the early stages 
of the planet's development and generated forces 
great enough to disrupt Earth's alignment, while 
also producing a vast quantity of debris. 

While our world's obliquity might be 23.4 
degrees today, this is by no means a fixed figure, 
eR ane ee meee aL teers ele em mal) 
effects of precession and orbital resonance. 

For example, for the past 5 million years, the 
axial tilt has varied from 22.2-24.3 degrees, witha 
mean period lasting just over 41,000 years. 
Vultee ert d gle} omen) tee 00) (ee ee 
Variable if it were not for the presence of the 
Moon, which has a stabilising effect. 


Atmosphere 
Thanks to volcanic 
outgassing and ice 
deposition via impacts, 
Earth develops an 
intermediary carbon- 
dioxide rich atmosphere. 
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Protostar Disc develops ae lalsas Birth of the Moon 
Several million years Veet eo ae ele 45 dust and rock Theia, a Mars-sized body, 
Fl eee ere een star a protoplanetary gather, Earth becomes impacts with the Earth. 


Sun (a T Tauri-type star) disc of dense gas a planet, with planetary | The resulting debris rises 
emerges at the heart of : begins to form and MUM sead nia LPN rebel into orbit and will 
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As the mass ofthe Earth continued to grow, so 
did its internal pressure. This in partnership 
with the force of gravity and ‘shock heating’ 
-see boxout opposite for an explanation - 
caused the heavier metallic minerals and 
elements within the planet to sink to its centre 
and melt. Over many years, this resulted in 
the development of an iron-rich core and, 
consequently, kick-started the interior 
convection which would transform our world. 

Once the centre of Earth was hot enough to 
convect, planetary differentiation began. This 
is the process of separating out different 
elements ofa planetary body through both 
physical and chemical actions. Simply 
put, the denser materials of the body sink 
towards the core and the less dense rise 
towards the surface. In Earth's case, this would 
eventually lead to the distinct layers of inner 
core, outer core, mantle and crust —the latter 
developed largely through outgassing. 

Outgassing in Earth occurred when volatile 
substances located in the lower mantle began 
to melt approximately 4.3 billion years ago. This 
partial melting of the interior caused chemical 
separation, with resulting gases rising up 
through the mantle to the surface, condensing 
and then crystallising to form the first crustal 
layer. This original crust proceeded to go 
through a period of recycling back into the 
mantle through convection currents, with 
successive outgassing gradually forming 
thicker and more distinct crustal layers. 

The precise date when Earth gained its first 
complete outer crust is unknown, as due to the 
recycling process only incredibly small parts of 
it remain today. Certain evidence, however, 
indicates that a proper crust was formed 
relatively early in the Hadean eon (4.6-4 billion 
years ago). The Hadean eon on Earth was 


“Outgassing occurred when volatile 
substances in the lower mantle 
began to melt 4.3 billion years ago" 


4.4 BYA 


eal ee Early atmosphere 
Surface hardens cepts and escaping 
Earth begins developing gases from surface 
its progenitor crust. This walke-akeeres Form the ficek 
is Constantly recycled atmosphere around the 
and built up through the planet. Itis nitrogen 
Hadean eon, heavy. 
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Earth’s structure 


volcanic deposits. 





characterised bya highly unstable, volcanic 
surface (hence the name ‘Hadean’, derived 
from the Greek god of the underworld, 
Hades). Convection currents from the 
planet’s mantle would elevate molten rock 
to the surface, which would either revert to, 
magma or harden into more crust, 

Scientific evidence suggests that 
outgassing was also the primary 
contributor to Earth's first atmosphere, 
with a large region of hydrogen and 
helium escaping - along with 
ammonia, methane and nitrogen - 
considered the main factor behind its 
initial formation. 

By the close of the Hadean eon, 
planetary differentiation had produced 
an Earth that, while still young and 
inhospitable, possessed all the ingredients 
needed to become a planet capable of 
supporting life. 

But for anything organic to develop, it first 
needed water... 


Outer core 
Unlike the inner core, Earth's outer core is not solid but 
liquid, due to less pressure. It is composed of iron and 
nickel and ranges in temperature fram 4,400°C 

C79 52°F) at its outer ranges to 6,100°C (11,012°F) at 
its inner boundary. AS a liquid, its viscosity is 6stimated 
to bé ten times that of liquid metals on the surface, 
The outer core was formed by only partial 
melting of accreted metallic elements. 







Inner core 

The heaviest minerals and elements 
are located at the centre of the planet 
ina solid, iron-rich heart. The inner 
core has a radius of 1.2/0km (760mi) 
and has the same surface temperature 
as the Sun (around 5,430°C/9,800°F). 
The solid core was created due to the 
effects of gravity and high pressure 
during planetary accretion. 





4.28 BYA 
Ancient rocks 

A number of rocks have 
been found in northern 
Québec, Canada, that date 
from this period, They are 













) during planetary differentiation. 





Crust 
Earth's crust is the outermost solid 
layer and is composed of a variety of 
igneous, metamorphic and 
sedimentary rock. The partial melting 
of volatile substances in the outer 
core and mantle caused outgassing to 
the surface during the planet's 
formation. This created the first crust, 
which through a process of recycling 
led to today's refined thicker crust. 





Mantle 
The largest internal layer, the mantle 
accounts for 64 per cent of Earth's 
volume. It consists of a rocky shell 
2,900km (1,800mi) thick composed 
mainly of silicates. While predominantly ' 
solid, the mantle is highly viscous and 

hot material upwells occur throughout 
under the influence of convective 
circulation, The mantle was formed by 
the rising of lighter silicate elements 


Brace for impact 
The Late Heavy 
Bombardment (LHB) of 

| Earth begins, with intense 
| parts of the young crust, 


in nie 


Earth's geomagnetic field began to form 
as 500n a5 the young planet developed 
an outer core, The outer core of Earth 
generates helical fluid motions within 
its electrically conducting molten iron 
due to current loops driven by 
convection, As a result, the moment 
that convection became possible in 
Earth's core tt began to develop a 
geomagnetic field - which in turn was 
amplified by the planet's rapid spin rate. 
Combined, these enabled Earth's 
magnetic field to permeate its entire body 
as Well as a small region of space 

. surrounding it - the magnetosphere. 


| impacts pummelling many 


period begins. 
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¢ Heating explained 


Bars 1 te Wit OMe e gait eel ee oe 
was subjected to a high level of stellar impacts 
by space rocks and other planetesimals too. 
Each of these collisions generated the effect of 
eee Maced ine ee eee ee calc pants eine 
and resultant shock wave transferred a great 
deal of energy into the forming planet. For 
meteorite-sized bodies, the vast majority of 
this energy was transferred across the planet's 
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3.9 BYA 


Archean Ocean origins 

The Hadean eon Earth is now covered with} 
finally comes to liquid oceans due to the 

an end and the release of trapped water 
new Archean from the mantle and from 





asteroid/comet deposition. 





surface or radiated back off into space, 
Wee ete ee og 
planetesimals, their size and mass allowed for 
deeper penetration into the Earth. In these 
events the energy was distributed directly into 
the planet's inner body, heating it well beneath 
ap eet oe en Ms ee 
Wessel ea sap emo =oa ORE n eles ee ela a 
Mate bea ene ee ea me] ga 















3.6 BYA 


Supercontinent 
Qur world's very 

first supercontinent, 
Vaalbara, begins to 
emerge from a sernes 
of combining cratens. 
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> 9 INCREDIBLE STORY OF EARTH 


Kenor 
Believed to have formed in the later 
part of the Archean eon 2./ BYA, 
. Kenor was the next supercontinent to 
“>. form after Vaalbara. It developed 
A through the accretion of Neoarchean 
cratons and a period of spiked 
_ continental crust formation driven by 
“ Submarine magmatism. Kenor was 
om broken apart by tectonic magma- 


> It started with Vaalbara... | of a 
Blume rifting around 27.45 BYA. 


Approximately 3.6 billion years ago, ———- 
Earth's first supercontinent - Vaalbara Ee ~ — 
- formed through the joining of several ~ = 
large continental plates. Data derived fm = 
s from parts of surviving cratons from = 

these plates - eg the South African = 
Kaapvaal and Australian Pilbara; hence [ee 
‘Vaal-bara’ - show similar rock records 
through the Archean eon, indicating 
that, while now separated by many 
miles of ocean, they once were one. 
Plate tectonics, which were much 
fiercer at this time, drove these plates 
together and also were responsible for 

eS separating them 2.6 billion years ago. 


ee 
ee 





Y —  ————— — = 2 ee : ee ae 
- Formation of land and sea | 
Current scientific evidence suggests that the ii petelm em Chee R opel cep lel P Ase Wm el ecisil labels BOLE The third major contributor was) o™, 
‘formation of liquid on Earth was, not trapped by the developing atmosphere, itbegan photodissociation - which is thes epa ration of 
surprisingly, a complex process.Indeed,when  tocondense and settle on the surface rather SILO eset MecMOsUCO PE eO Me Atom sd tte e RTE) | light. This 
you consider the epicvoleanicconditionsofthe than evaporate into space. Gea Re eR Cmte mim Meter eels) s) tar 
Sea ASUR MOU tat acca t]he The second key liquid-generating processwas upperatmosphere to separate into molecular 
GHLIA CEO MUR Nerr: Abel o-b ema hUmere ed at =e) tbe tal Maer peiceecims ICMP UiS celal male )an el Meepnatstece-BaTe| hydrogen and molecular oxygen, with the 
© developed tothe extent where today 7o percent water-rich meteorites to the Earth during its in eueLam ie be Ett Meee HecL LMR OSE -lte ome eat eee 
“ofits surface is covered with water. Theanswer _formationand the Late Heavy Bombardment this ledto an increase inthe partial cringe ae 
SiO LieeM IS MeO MMONTR SLOT CO Mme )ae cic oe eG CUCeM Milcctemaclel ce MReii ae ml nTeR Gun lV ete GPa tR OMe R SE Deum e PLGA SM iw Te dete) FT tal 
‘though three can be highlighted as pivotal. rs Piciom OLemLOT Led Mle aE e Te B eRe athe e its interactions with surface materials - 
HR elamiURLROIMGilacom | se M OSs ORAM Coo Nl As ecLRe le many trapped minerals, elements and ices, eradually elevated vapour pressureto a eae 
throughout the late-Hadean and Archeaneons,. whichthen would have been adopted by the where yet more water could form. B 
This cooling caused outgassed volatile atmosphere, cooled over time, condensed and The combined result of these processes — as 
substances to form an.atmosphere around the re-deposited as liquid on the surface. well as others —was'a slow buildup of liquid 


@planet — see the opposite boxout for more 
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quantity of water that was trapped in the 
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cs) afi 3.3 yf) a AAMT We | yas, ey fs) hh 
Early bacteria elec ele me ay | Vy | Island boom } 
Evidence suggests that the | Sedimentary rocks have | ts a e Cem cetULe eee melee laa 
earliest primitive life forms eet SE MeO E eee ees Fa ai Hits libel arcs and oceanic plateaux 
Sa vreleitclee Bele ie) Vices (esta Lae ER ee bh EAE onde | Tk sed undergoes a dramatic 
Feb ieee Olas" RCP R cele They contain zircon grains i. PEG Mh increase that will last for 

es: ines (emer | NM eLae) eee ee ear tap “*y ad Pele ela eda eee 

tie als 4,4 and 4.2 BYA, la ® million years, 
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Rodinia 
Maybe the largest supercontinent 
ever to exist on Earth, Rodinia was a 
colossal grouping of cratons - almost 
» all the landmass that had formed on 
= the planet - that was surrounded by a 
' superocean called Mirovia. Evidence 
suggests Rodinia formed in the 
Proterozoic eon by L1 BYA, with a core 
= ee located slightly south of Earth's 
= hy Ge | equator. Rodinia was divided by rifting 
. approximately 750 MYA, 


a 


water in various depressionsin Earth's su aa 
(such as craters left by impactors), which 
throughout the Hadean and Archean eons eel 
to vast sizes before merging. The presence of 
PACs MMR is pase) CRO Reh ele Cm SUMMOLei 1M NH S/o) Nal td 
also caused the acidulation of these early 
Oma ea MN IGM e pe: (een AUecEI elm terem eels tbE Ce 
erode parts of the surface crust and so increase 
their overall salt content. This erosion of Earth's 
erustal layer also aided the distinction of 
cratons - stable parts of the planet's continental 
lithosphere = which were the base for some of 
the first continental landmasses. 

With liquid on the surface, a developing 
atmosphere, warm but cooling crust and 
continents starting to materialise, by the 
mid-Archean (approximately 3.5 billion years 
ago) conditions were ripe for life, which we look 
SLM EUMe se) GRRL smelt cham MIN OI emO) Maelsrsione 


2.8BYA (2.5BYA (2.4 BYA 


Breakup Proterozoic Viore oxygen 
PARE Cel ene ne The Archean eon The Earth's 
circa 3.1 BYA, finally draws toa atmosphere evolves 


Teter g =mag a 
rich in oxygen due 
to cyanobacterial 
photosynthesis. 


close after roughly 1.5 
billion years, leading 
to the beginning of the 
ieee ra emcee 


Vaalbara begins to 

este ln eee oe ce) 

the asthenosphere 
» overheating. 






= ee 
| Pangaea 
> The last true supercontinent to exist 
| on Earth was Pangaea. Pangaea 
=3 formed during the late-Palaeozoic and 
early-Mesozoic eras 300 MYA, lasting 
So until 1?5 MY¥A when a three-stage 
series of rifting events left a range of 
landmasses that make up today's 
continents. Interestingly, the break-up 
of Pangaea is still occurring today, as 
seen in the Red Sea and East African 
{ee Rift System, for example. 


——— 


A closer look at Earth’s 
evolving atmosphere 


Earth has technically had three atmospheres throughout its existence. The 
first formed during the planet's accretion period and consisted of atmaphile 
site) gers g1 eM] O Le Me lee le sia area l=1 (Vt ees ee | eles eee ema ed] ) mel) e) er Ae 
atmosphere was incredibly light and unstable and deteriorated quickly - 
geological terms - by solar winds and heat emanating from Earth. The second 
atmosphere, which developed through the late-Hadean and early-Archean 
eons due to impact events and outgassing of volatile gases through volcanism, 
Was anoxic -— with high levels of greenhouse gases like carbon dioxide and very 
little oxygen. This second atmosphere later evolved during the mid-to-late- 

vce iat (G MPO Me Md comer Ate 0g cdl nm DRe ne i7 8) alee A er= [Mae] a7) | Meer eb 
oxygenation of the atmosphere was driven by rapidly emerging oxyqen- 
producing algae and bacteria on the surface - Earth's earliest forms of life. 


1.8 BYA 

Red beds 

Many of Earth's red beds 
- ferric oxide-containing 
sedimentary rocks - 

a reLC MEO EAM e ee lel ep 2 is 
Tales MUM ets Me 
SUM Un Or @)Ulscg Rar ce tae 
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Eukaryotes 
Eukaryotic cells 
appear. These most 
likely developed 

by prokaryotes 
maa gN So 
via phagocytosis. 














9 INCREDIBLE STORY OF EARTH 


The development of life 


Of all the aspects of Earth’s development, the 
origins of life are perhaps the most complex 
and controversial. That said, there’s one thing 
upon which the scientific community asa 
whole agrees: that according to today’s 
evidence, the first life on Earth would have 
been almost inconceivably small-scale, 

There are two main schools of thought for 
the trigger of life: an RNA-first approachanda 
metabolism-first approach. The RNA-first 
hypothesis states that life began with self- 
replicating ribonucleic acid (RNA) molecules, 
while the metabolism-first approach believes it 
all began with an ordered sequence of chemical 
reactions, i¢ a chemical network. 

Ribozymes are RNA molecules that are 
capable of both triggering their own replication 
and also the construction of proteins -—the main 
building blocks and working molecules in cells. 
As such, ribozymes seem good candidates for 
the starting point ofall life. RNAis made up of 
nucleotides, which are biological molecules 
composed of a nucleobase {a nitrogen 
compound), five-carbon sugar and phosphate 
proups (salts). The presence of these chemicals 
and their fusion is the base for the RNA-world 
theory, with RNA capable of acting asa less 
stable version of DNA. 

This theory begs two questions: one, were 
these chemicals present in early Earth and, 
two, how were they first fused? Until recently, 
while some success has been achieved in-vitro 
showing that activated ribonucleotides can 
polymerise (join) to form RNA, the key issue in 
replicating this formation was showing how 
ribonucleotides could form from their 
constituent parts {ie ribose and nucleobases). 

Interestingly ina recent experiment reported 
in Nature, a team showed that pyrimidine 
ribonucleobases can be formed ina process 
that bypasses the fusion of ribose and 
nucleobases, passing instead througha series 
of other processes that rely on the presence of 
other compounds, suchas cyanoacetylene and 
elycolaldehyde - which are believed to have 


1L4BYA | 1.2BYA 


Fungi Reproduction Explosion Phanerozoic Spinosaurus 
The earliest signs With the dawn The Cambrian The Proterozoic The largest theropod 
of fungi according of sexual explosion occurs -a eon finally draws dinosaur ever to live 
to current fossil reproduction, the rapid diversification of to. a close and the on Earth, weighing 
evidence suggest rate of evolution organisms that leads to current geologic eon up to an astonishing 
they developed here Increases rapidly the development of most = the Phanerozoic = 20 tons, emerges at 
in the Proterozoic. and exponentially, modern phyla (groups). COMMeNnces, this time. 
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542 MYA 


been present during Earth's early formation, In 
contrast, the metabolism-first theory suggests 
that the earliest form of life on Earth developed 
from the creation of a composite-structured 
organism on iron-sulphide minerals common 
around hydrothermal vents. 

The theory goes that under the high pressure 
and temperatures experienced at these 
deep-sea geysers, the chemical 
coupling ofiron salt and 
hydrogen sulphide 





Prokaryote 
Small cellular organisms 
that lack a membrane- 


bound nucleus develop. 


Shelled animals 



















The beginning of the 
A; ee Cambrian period sees the 
jroitea emergence of shelled 7 
creatures like trilobites. 


Fish 

The world's first fish 
evolved in the 
Cambrian explosion, 
with jawless 
ostracoderms F, 
developing the ability |? / 
to breathe exclusively 
through gills. 





} * 2 hy * 
= Reptiles 
The first land 
vertebrates = Tetrapoda 
- evolve and split into 
two distinct lineages: 
Amphibia and Amniota. 


Insects 
During the Devonian 
period primitive insects 
begin to emerge from 
the pre-existing 
Arthropoda phylum. 








produced a composite structure witha mineral 
base anda metallic centre (such as iron or zinc}. 
The presence of this metal, itis theorised, 
triggered the conversion of inorganic carbon 
into organic compounds and kick-started 
constructive metabolism (forming new 
molecules from aseries of simpler units). This 
process became self-sustaining by the 
generation ofa sulphur-dependent metabolic 
cycle. Over time the cycle expanded and 
became more efficient, while simultaneously 


producing ever-more complex compounds, 
pathways and reaction triggers. 

Assuch, the metabolism-first approach 
describes a system in which no cellular 
components are necessary to form life; instead, 
itstarted with a compound such as pyrite - 

a mineral which was abundant in early Earth's 
oceans. When considering that the oceans 
during the Hadean and early-Archean eons 
were extremely acidic -and that the planet's 
overall temperature was still very high - 


S41 MYA 106 MYA 








Earth Cyanobacteria Solar nebula 





A journey 







Qur planet forms out of accreting Photasynthesising The solar nebula is formed by the 
ae dust and other material from a cyanobacteria - also known as gravitational collapse of a fragment th h ti 
Fe pee i protoplanetary disc. we blue-green algae - emerge peers Of a giant molecular cloud. roug ime 
a ee over the lanet’s oceans. SS ha STScI ahh. . 
ae Sy a = p Se al re ee a See how life evolved over 
| ine > | millions of years to filla 








a = a. . = 
Ts | tap a y = hee. wc - ™ me = k , 7 ~ |) ey r aE | = 
awe. —— << — — , oe SY eeu = ae ’ _ i. 
— i 0 , - . ae” _— 
oa = : i. u . | ail e 7 . 


range of niches on Earth 






Sponges 

Sponges in general - 

but particularly 

.—. demosponges - develop , 
’ throughout the seas. 
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Eukaryote 
Evukaryotes - cellular 
membrane-bound 


arganisms with a 
nucleus (nuclear 
envelope) - appear. 






Pterosaurs 

During the late-Triassic 

@ period pterosaurs appear — 

the earliest vertebrates : 

capable of powered flight. = 0s 
Ss >. 
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Primitive organisms that 
are precursors to fungi, 
capable of anastomosis 

(connection of branched 

tissue structures), arrive. 



















— Dinosaurs a 
me- Dinosaurs diverge  [fesempiieal 
from their Archosaur es a ee 
ancestors during the 


mid-Triassic era. 
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Humans 


a model similar to the iron-sulphur world type bi grcirae cues tients the 


is plausible, ifnotas popular as the RNA theory. family Hominidae and 
There are other scientific theories explaining reach anatomical 
modernity around 


the origins of life - for example, some think 200,000 years ago. 
organic molecules were deposited on Earth via 
a comet or asteroid - but all return to the notion 
that early life was tiny. It’s also accepted that 
life undertook a period of fierce evolutionin 
order to adapt to the ever-changing Earth. But 
without the right initial conditions, we might 2 
never have evolved to call this planethome. 9.3 





While pre-existing in primitive 
forms, after the K-T extinction he 
event mammals take over most = eo 
ecological niches on Earth. 





65.5MYA 55MYA §2MYA_ | 350,000 200,000 
K-T event Birds take off Homo genus years ago years ago 





The Cretaceous- Bird groups The first members | 

Palaeogene extinction begin to diversify of the genus Neanderthal First human 

event occurs, wiping dramatically, with Homo, of which Neanderthals evolve and Anatomically madern 

out half of all animal many species still humans are spread aarons Sita: Deans MEINE ATA sea 
species on Earth, around today - such members appear They become extinct 150,000 years later they 
including the dinosaurs, @ as parrots. inthe fossil record, @ 249-000 years later. start to move farther afield. 
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50 amazing facts about 

the weather | 
Your burning climate questions 
are answered 


Where does acid rain 
come from? 

How does this damaging 
substance form? 


The smell of rain 
What is the Stan eS sepomens 
of the fresh smell after rainfall? 


Global wind patterns 
How Earth's spin affects the winds 
and the weather 


How do jet streams work? 
Invisible phenomena vital to 
our climate 


The sulphur cycle 
The vital element that takes many 
different forms 


Cave weather 
The cave system that has _ 
developed its own microclimate 


Predicting the weather 
Discover how we get forecasts for 
the days ahead 


Lightning 
Learn thee science behind how and 
why lightning strikes 


Firestorms 
What are the causes of nature’s 
most violent infernos? 





+ 
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How do we 
predict the 
weather? 
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We answer your burning questions about the incredible 
variety and awesome power of the planet's most intriguing 

climatic phenomena’ 


| 





% BE ea eels: Le) chtekeesiseeldsaiatcol ine track changes.and forecast whatwecanexpertto ona huge number of factors, like the Earth's rotation, 
,¥ Beanicctdceatiecctarcitccainan: see when we leave our homes each day, But where youre located, the angle at which the Sunis 
Earth's atmosphere that spell out rain, oy CMe LO Le eAT eh M Teele (aa aTe) meee meee =e TBO ele Ta Me eRe D dale) h eatin dee eRe 
CIELO a Le eats eee) (ee: Palen a) eed eas lal ae) maples don't completely understand all of the processes proximity to the ocean. These all lead to changesin 
things thatisjust beyond our power. Maybethat’s that contribute to changes in the weather. atmospheric pressure. The atmosphere is chaotic, 
UIE GME Feose Gi ash aelei ee emer M On SCJisecA ela etlen eae Ree eee meaning that avery small, local change can havea 
display of lightning both have the ability to MONA eB AO RSPR ITNL SITU FCSes Tse G INTO at Cn E ORG BL far-reaching effect on much larger weather systems. 
delight us. Meteorologists have come a long way atmosphere. Seems simple, right? Not exactly. That's why it’s especially tough to make accurate 
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Many types of animals ore reported to have follen from the sky including frogs, worms ond fish 





f 
1 7 a way to tel os 
Tova eR creh er srs ha 


na Tc a Bae ae Bers 1 

re eh oo bie bah Pe because thunderis the sound ae 

that results from lightning. Lightning bolts are close to30,000 degrees Teter 
Celsius (54,000 degrees Fahrenheit), so the air in the atmosphere that they Pee eee Genet tet cy ihe 
zip through becomes superheated and quickly expands. That sound of publicise aes 
expansion is called thunder, and on average it’s about 120 decibels (a ce i esti 

Mee ee Ree GPM lesa es) Metis cR Vel Ree Tier ta fan aap na Tea est mate ried sales in ae os ae rate 
bee thunder, but that's only because the lightning is too far away lor ee eae nr Te 
SOUR a age ae we eee ee ei Cm eee elt nema DMs Mic Rel ot 
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We can't control the weather... or 
can we? Some scientists are trying 
to influence the weather through 
cloud seeding, or altering the clouds’ 
processes by introducing chemicals 
like solid carbon dioxide (aka dry 
ice), calcium chloride and silver 
iodide. It has been used to induce 
rainfall during times of drought as 
well as to prevent storms. 


makes ciouds: Aircurrentsriseupand 
, : become thermals = rising 
i @ columns of warm, 
Buildup ; : 

The warm, motst air builds ae e aa 
up somewhere between jo5m és h - Bases 
and 1,525m{1,000-5,000!t] i The bottomof 

above the surface. Lf apron 
at =e ae a the cloud is the 
Warm, wet v ‘ v of the air, and it 
MS€s ~ . - is very uniform. 


Suniight heats. and A, 
evaporates water from 


the Earth’s surface. =a 
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Warm, moist air 

This airrises up from the 
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High-pressure air flows downwan 
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efect on world climates 
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It’s difficult to know exactly what would happen to our i ah 
weather if the Moon were destroyed, but it wouldn't be | a, 
food. The Moon powers Earth's tides, whichin turn — = 
influence our weather systems. In addition, the loss of — 
the Moon would affect the Earth's rotation -how it spins ™ 
on its axis. The presence of the Moon creates a sort of : : aa 
drag, so its loss would probably speed up the rotation, ih uth 
changing the length of day and night. In addition it u ae 
would alter the tilt of the Earth too, which causes the 
changes in ourseasons. Some places would be much 
colder while others would become much hotter. Let's not 
neglect the impact of the actual destruction, either; that 
much debris would block out the Sun and rain down on 
Earth, causing massive loss of life. Huge chunks that hit 
the ocean could cause preat tidal waves, for instance. 
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Sir Francis Beaufort devised his wind scole by using the flags ond soils of his ship os measuring devices 








aia lem Ce) UR r | =t a tite (<a: er) 
during an electrical storm? 


People used to think the rubber tyres on a car grounded any 
lightning that may strike itand that’s what kept you safe. 
However, you're safer in your car during an electrical storm 
asters LER =m OMG SLM eet =e 0st eee cL ace Pe MET een) lo 
EUR Ma VOICE ROU MEAP eUT Peach Ce RM a eae eae UL a Te 
Teer ers tmeDaPeee VOM HURa Teme TORO) mee Rea e Comdev wie ae eestor: 
Faraday cage, While itis potentially dangerous to use a corded 
phone or other appliances during a storm because lightning can 
= travel along cables, mobile or cordless phones are fine. It’s also 

= best toavoid metallic objects, including golf clubs. 





This mysterious phenomenon 
looks like a glowing ball of 
lightning, and floats near the 
ground before disappearing, 
often leaving a sulphur smell. 
Despite many sightings, we're 
still not sure what causes It. 


eT hailstones? 


Put simply, giant hailstones come from giant storms 
-specifically a thunderstorm called asupercell. It has 
a strong updraft that forces wind upwards into the 
clouds, which keeps ice particles suspended fora long 
period. Within the storm are areas called growth 
regions; raindrops spending a long timein theseare 


How does the Sun cause the seasons? 


seasons are caused by the Earth's revolution around the Sun, as 
well as the tiltofthe Earth on its axis. The hemisphere receiving 
the most directsunlight experiences spring and summer, 
while the other experiences autumnand winter. During the 
warmer months, the Sun is higher inthe sky, stays above the 
horizon for longer, and its rays are more direct. During the 
cooler half, the Sun’s rays aren't as strong and it’s lowerinthe 
sky. The tilt causes these dramatic differences, so while those in 
the northern hemisphere are wrapping up for snow, those in 
the southern hemisphere may be sunbathing on the beach. 


SUMMER 

The Sun isatits highest pointin 
the sky and takes up more of the 
horizon. Its raysare more direct. 


WINTER 

The Sun isat its lowest pointin the 
sky and there is less daylight. The 
raysare also more diffuse. 





Vernal equinox 

For the northern 
hemisphere, this day—- 
around 20 March —-marks 
the first day ofspring. On 


this day, the tiltofthe Earth's ~ 4 
axis is neither towards nor Pe! 
away trom the Sun. 


Summer solstice 
During the summer solstice, i 


around 20 june, the Sunis at 
its highest, or northernmost, 
pointin thesky. 





able to grow into much bigger hailstones than normal. 


Winter solstice 

The winter solstice marks the 
beginning of winter, with the 
Sun at its lowest point inthe 
slo; ittakes place around 20 
December each year. 


7 Autumnal 


i equinox 
On, oraround, 22 


' ea September inthe 


northern hemisphere, 
this marks the start of 
autumn. The tilt of the 
Earth's axisis neither 
lowards nor away 
from the Sun. 
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(i What’s the difference 
¥ between rain, sleet 


Yi Le dap 


and snow? 

When it comes to precipitation, it’s all about 
temperature. When the air is sufficiently saturated, 
water vapour begins to form clouds around ice, salt 
or other cloud seeds. If saturation continues, water 
droplets grow and merge until they become heavy 
enough to fall as rain. Snow forms when the air is 
cold enough to freeze supercooled water droplets 
-—lower than -31 degrees Celsius (-34 degrees 
Fahrenheit)— then falls. Sleet is somewhere in 
between: it starts as snow but passes througha 
layer of warmer air before hitting the ground, 
resulting insome snow melting. 


















How do tornadoes work? 


ec 

PaO emi aaa 
Elec Tnaas tm NUP Nest W LAT moe to 
necessary fora tornado. 


Tropical air 
The cold front 
meetsa warm front 
RMU n mn eter aty 


Tae Gee TeLat lel 
lech aac 


are waves of air 

CUO Ube Mage Eee eels) ——— 

area ofthe atmosphere. Theair ~ ==== 

mightbe displaced byanupdraftor ~ . 

something like mountains as the air a. a & 

passes over. The upward thrust of air creates 3 A 

bands of clouds with empty space between them. =e 

Cool air wants to sink, butifitis buoyed again by the updraft, Ss 
| itwill create additional gravity wave clouds. ak . 


Tornadoes start out with severe thunderstorms called 
supercells. They form when polar air comes in contact 
with tropical air in avery unstable atmosphere. 
Supercells contain a rotating updraft of air that is known 


It's peaceful after snowTall as the 


snow has a dampening effect; 
pockets of air between the flakes 
absorb noise. However, if it’s 


asa mesocyclone, which keeps them going fora long 
time. High winds add to the rotation, which keeps 
getting faster and faster until eventually it formsa 


funnel. The funnel cloud creates a sucking area of low 
pressure at the bottom. As soon as this funnel comesin 
to contact with the Earth, you have a tornado. 


compacted snow and windy, the - 
snow might actually reflect sound. 










What is a weather front? wee: os 

| | | » a Unstable masses ot Fog often comes 

A weather frontisthe | ; warm air often contain before the slow- 

Sansa beater Wet 'n’ wild stratiform clouds, full = movingwarmfront. 

separation etween [Wo 7 Ifthere’salotat of Hundercharme. 

different masses of air, which moisture in the cold air 
have differing densities, mass, the wedge can 
also cause a line of 


temperature and humidity. 
On weather maps, they're 
delineated by lines and 
symbols. The meeting of 
different frontal systems 
causes the vast majority 
oOo of weather phenomena. 
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ates _ showersand storms. 





Wedge Cold front Warm front 

Ascoldair isdenser, it Cold fronts lie in deep Warm fronts lie in broad 
often ‘wedges’ beneath troughs of low pressure troughs of low pressure and 
the warmair. This lift and occur where the air occurat the leading edge of 
can cause wind gusts. temperature drops off. a large warm air mass. 
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Fog is made up of millions of droplets of water floating in the air 













Rising heat High pressure eee) ol le pb eget gs 
Dry land is heated by the High pressure carries the The cooled air Sir ep etal tates leet E te ls 
Sun, causing warm air to 1 cooled air out over the water. slowly sinks MeleT eect emcee Tae ecp es nyc 





rise, then cool down. down over land. _ < 

Cooler air | . «— Rising heat 

The cooled air : In the evening, 

slowly sinks down | 7 | the land cools 

over the ocean. — off faster than 
detoge lacs 1B 


. " Warm air rises 
Surface wind lg emg er ar ek tty 
Wind over the ocean blows the Teta eee ete T dove eT (ela ach eee 
cool air back towards land, the ocean. This isa‘land breeze’, ) | 





What is the eye of a storm? 


PM aleR ey asian ee wt NGE MUN LR CCR O eT EL Ct SIMI Coes BULNEee ast elene meal ea tle 
without any weather phenomena. Because these systems consist of 
circular, rotating winds, air is funnelled downward through the eye 
TIGR (useher e SeRM sleet eB Lette 


Yes, lightning often strikes twice in the same 
location. Ifthere’s a thunderstorm and lightning 
strikes, it’s justas likely to happen again, Many 
tall structures get struck repeatedly during 
thunderstorms, such as New York City’s famed 
Empire State Building or NASA's shuttle launch 
pad in Cape Canaveral, Florida. 
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MASA 


The Sun is a super-dense 
iE melee ene Bye) ge | ball of Qas, where hydrogen 

Beeb trem (2 or, 4 is continually burned into 

helium (nuclear fusion). This 





These are both atmospheric and electrical phenomena that take place 


in the upper atmosphere, and are also knownas upper-atmosphere gen erates ah UQe deal of 


discharge. They take place above normal lightning; blue jets occur ‘ ed oe em 

around 40-50 kilometres (25-30 miles) above the Earth, while red Ene ge y; dn d the core 

sprites are higher at 50-100 kilometres (32-64 miles). Blue jets happen reach eS 15 TH | | lOM deg rees 
in cone shapes above thunderstorm clouds, and are not related to | : : ap 

lightning. They're blue due to ionised emissions from nitrogen. Red Celsius (27 rT | ion deg frees 
sprites can appear as different shapes and have hanging tendrils. FS hren heit). This extrem e 


They occur when positive lightning goes from the cloud to the ground. h e at oro d uces | ots ot [e ht 
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Where does acid rain come from? 
We've all seen the effects of acid rain on limestone 
statues, but how does this damaging substance form? 

llrainwaterisa Acid rain 3. Gasses dissolve 


little bit acidic, 7 . Upon combining with the water vapour |waterand 
because the in action oxygen) in the rain clouds, the gasses react to form 
7 yp cecpe a ets : weak bul potenthally damaping acid. Sulphur dioxide 
carbon dioxide present in from industry becomes sulphuric acid. 
the atmosphere dissolves ?. Wind | 
in water and forms The gases are carried ™ A. Acid rainfall 
carbonic acid. Stronger on the wind to * ml Whenacid rain fallsitcan 


| higher ground, oe “" = J : camapre plant life, infiltrate 
acid rain, however, can towards rain clouds. i i | waterwaysand erode 


damage stone structures ) ‘ . a aT J buildings and statues. 
and can also be harmful to 7 y 
crops, as well as polluting a ed ; “tae | 
waterways. It forms in the é _ = ee Oxidation of sulphur 
atmosphere when | =. a and nitrogen 
poisonous gases emitted 
by human activities 
combine with the : ee i | 
moisture within rain = t-- 14 <i ey lM ——— f y dioxide (SO, ) 
clouds. i A Ree 3 yo This isa by-product 

Fossil-fuelled power | a ae fll lo oe of heavy industry, 

eee A A Ae such as power 

stations and petrol/diesel “i a “tye. | pie ira? stations, 
vehicles give off chemical eS } See 
pollutants - mainly "ae : " = . a | po re. ie ne F Nitrogen oxides (NOx) 


eae 5 a These are released incar 
sulphur dioxide (S02) and ee ee eachesiait ferries: 


nitrogen oxides (NOx) - 1. Acidic gases : 

which when mixed with Sulphur dioxide and nitrogen Se KEY 
oxides from industry and ros Blue: Nitrogen 
on vehicles are released into : Sulphur 
and turn acidic. theatmosphere, Red: Oxygen 


bee eel 
Find out why precipitation creates a distinctive 
aroma that’s the same all over the world 


t's possible to smell rain before it has even fallen. 

Lightning has the power to split atmospheric nitrogen 

and oxygen molecules into individual atoms. These 
atoms react to form nitric oxide, which in turn can 
interact with other chemicals to form ozone —-the aroma 


the water in the air react 





of which isa bitlike chlorine anda specificsmell we 
associate with rain. When the scent carries on the wind, 
Ses eM CCAO MMAR Hi Relielaoe imei tl tn 

Another smell associated with rain is petrichor-a term 
coined by a couple of Australian scientists in the mid- 
Sixties. Aftera dry spell of weather, the firstrain that falls 
brings with ita very particular aroma that is the same no 
matter where you are. Two chemicals are responsible for 
the production of this indescribable odour called 
petrichor. One of the two chemicals is released by a 
specific bacteria found in the earth; the otheris au oe 


Mare 
STM CGEM SL BSUD EIQ BOC EOLi re Uses cles site .e lia lttsa ets Jb iia s)e lolly gear St ae alle 
| ft, rl ., @ 5 


the ground and, when itrains, the smelloi petrichorwid hag .. 
TB a esiag ce 


= - ne : 
a eer | 
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Clouds on Venus ore octuaglly composed of sulphur dioxide and drops of sulphuric acid 








i , 4 ! The tell-tale spiral of 2011's hurricane Katia 
O : zt WI . , En Mee Rg keen ics 
| : 














patterns 


Wind paths, ocean currents and even airplanes | ae 
are governed by the same invisible force ar 












| fi, | WOLOrMOROLPD mc Gdi ec] O)N lace OO MO NRA S| Ce) Ma tsp OMe Cal is) A OLa) MoM COR Olonelaitalm Cem CNR ONS ny i Ad : | 
y ! { ’ PPLeGe rTM O ba tstcROLO Com NOR: BO)A ts BLOTT Cad Es) OFA NLORsUALORs ODM OA RON eel tlO LM sd BOM est tNtc]S) ean Oe) Kn . 
w © known as the Coriolis effect. As the Hits HUME TMO MG Dom seL eCopt ate 
Earthspins on its axis, the motion deflects the winds circulate in cells. 
air above it. The planet’s rotation is faster atthe icn aap tee =a0(= (em aati ers | teen -mael esa Cep ets eo) e es) ele 
equator, because this is where the Earth is MRCOG eesCO) STEM ANTI CH SON Mel) mele ts ee alee enn 
widest. This difference in speed causes the O)gsctiPERSR Oak ed (A) a Sc ees Re OLO RM al en eel at eee 
deflection -for example, if you were to throwa GNC ARORTOOMOCc) (MORO OTs POE ARCO ON CRM GONE el aken 
ball from the equator to the North Pole it would This explains why cyclones that form in the 
appear to curve off-course. UOC OU Re PUNE O) slo Motel O) Ete Pei cee eae 
Weer NMGeReLONOM MODAN IN Cm esnL Pec Me) emael ome) t Bill while inthe Southern Hemisphere they rotate 
would simply circulate back and forth between clockwise, The opposite is also true of high The Coriolis effect is so prevalent that italso 
the high-pressure poles and the low-pressure pressure storms, also known as anticyclones, governs the movement of long-range airborne 
equator. When the rotation of the Earthis which rotate clockwise in the northand objects such as airplanes and missiles. Pilots 
added into the mix, it causes the air in the EVO t ea een eam ee eee have to adjust their flight routes to compensate. 


Global winds 


todas le deal Wind cells 
mete Blais lel Each hemisphere has three 
cells, where air circulates 
through the depth of the 
Jet streams hin ita tesa 


High-altitude jet streams 

flow between cells, They are 
ICON UE tags Mt ar) 
weather systems. 


Earth spins 

PVM tem oye [OP] Ce] mm ated 
Earth is spinning at @ 
else ee] MAO) le 








eee 
. anew Emenee nian 
place on Earth 
where the Coriolis 
force is not felt. 





Tropical hurricane | =. = Air movement 
A tropical hurricane forms near the — As wind circulates in cells, the Coriolis 





Otis samen elim lea site R elem ee TULL 
Pee es ULM COM Oe eu alate eae Peete eee MMA Reem eee 


OFas. 





ro = : 
Earth’s jet streams 
Pee ele emo ee) men we yey) 8) epee 
agli a ERR ae) eae) enamel) ee 








ia. , , 7 on Polar cell 
They’re a vital component in 2S eo global 
weather, but what do jet streams actually do? 


et streams are currents of fast-moving air found high 
in the atmosphere of some planets. Here on Earth, 
when we refer to ‘the jetstream’ we're typically 
talking about either of the polar jetstreams. There are also 
weaker, subtropical jet streams higher up inthe 
atmosphere, but their altitude means they have less of an 
Hier MO ERMOIETON LCM EPEC Pm Oe INi ters TOMA Rr Oda Citta ne 
more populated areas. 
SWOT eCO MME GUM aciGR TORO MUG cele let eee 
kilometres (100-200 miles) per hour from west to east, ten 
alley eet=ie aoe iP UDI ject eel Ra et=e-s bets e Renee mcr e ame) anal 
atmosphere known as the tropopause (the border between 
the troposphere and the stratosphere). It’s created bya 
combination of our planet's rotation, atmospheric heating 
MORO epeLOIORsPULORAO se ots REAOR ROU Ot arc MUO TO ERGO] ace el eats 1A NeT Ss 
temperature differences and, thus, pressure gradients 
EIGER UT ee Pe MeL e ts 
Inthe northern hemisphere, the position of the jetstream 
WFO hN Mee RU clael-T meh meatal perm iene) mel Piepiereec hic hm apt 
cold air from the poles. Generally, ifit moves south, the 
weather can turn wet and windy; too farsouth and it will 
become much colder than usual. The reverse is true if the jet 
stream moves north, inducing drier and hotter weather 
MOtDARcA cl tot oks eae Utes PM ERLOL ts BBE CO) TUMOR ee) GER 
DPR AatoeceL UAB @U BSL HNE)O)N Comal = cH UADE om Ga oom cige = Tee 
tends to be weakened bya smallertemperature contrast 
created by the greater expanse of flat, even ocean surtace, 
although it can impact the weather in exactly the same way 
as the northern jet stream does. 







































Hadley cell 


Hadley cell 
MGrikts lari iecpel slog eae kaa sb enly 
responsible for the deserts and 
rainstorms in the tropics. 


Winds of change 


Currents in the jetstream travel atvarious speeds, but the 
REE OLE at er Mt Ate ada ee a Cec gaol Subtropical jet 


streaks can reach speeds as fast as 322 kilometres (200 ee Cea 

eC Belss mere leh ee THe Tem eec PRN eR COR Oe alld u a lar aT Meare anne eiar sic 

persistent winds when flying at jet stream altitude, but than their polar 

MVUNate Rs ors: Va ee OFcHA cage ]bEDelecl brat cau Te]AM OU TcL MA ile mtn Er im ers ee 

ever vigilant of. This isa sudden, violent change in wind sla a taacathl 

direction and speed that can happen in and around the jet 

stream, affecting even windsat ground level. Asudden gust et Nitn eine elms 
PUR Ge egos bigeslelictc gape ed REE APIO) EMEC E OUT eRCe The southern hemisphere’s 
crash, which is why wind shear warning systems are jetstream runs around 


a eM ReM ON GiT esl i eo eT = 
Antarctic landmass, 


equipped as standard on all commercial airliners. 
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Mount Everest is so high thot its 8,848m [29,029ft] summit actually sits ing jet stream 





Northern polar jet | i a 
Travelling west to east ita is the 
PTGS Ged naa de cla i. oi 
uaanhicaps asia jet stream? 
northern Europe temperate. A layer-by-layer breakdown of 


the Earth's atmosphereand 
whereabouts the jet stream sits 
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Vel=iSasl eee] piciis 
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Wate tees lesae lie ee Rs 
Hadley and Polar cells, and 
dalla LDL 7 YY 
are sometimes referred to as | Tropasohere 
the ‘zone of mixing”. | oes : = 

Polar cell 

These north-south 

a De MELE abe oR tale lg a enh 

in cold air from the 

freezing poles and 

Pees Gea Moga emo ws 


Pp waa sae ess 


Always mixing and mingling, sulphur is 
an element that really likes to getaround . 


he sulphur cycle is one 

of many biochemical 

processes where a chemical 
element or compound moves 
through the bioticand abiotic 
compartments of the Earth, 
changing its chemical form along 
the way. As with both the carbon 
and nitrogen cycles, sulphur moves 
berween the biosphere, 
atmosphere, hydrosphere and 
lithosphere (the rigid outer layer of 
the Earth). In biology, the water, 
oxygen, nitrogen, carbon, 
phosphorus and sulphur cycles are 
of particular interest because they 
are integral to the cycle of life. 

Sulphur, which is present in the 

amino acids cysteine and 
methionine as wellas the vitamin 
thiamine, isa vital part ofall 
organic material. Plants acquire 
their supply from microorganisms 
inthe soil and water, which convert 
itinto usable organic forms. 
Animals acquire sulphur by 
consuming plants and one another. 
Both plants and animals release 
sulphur back into the ground and 
water as they die and are 
themselves broken down by 
microorganisms. This part ofthe 


Sulphur and the climate 


Human activities like burning fossil fuels 
and processing metals generate around go 
per cent of the sulphur dioxidein the 
atmosphere. This sulphur reacts with water 
to produce sulphuricacid and with other 
emission products to create sulphur salts. 
These new compounds fall back to Earth, 
often in the form of acid rain. This type of 
acid deposition can have catastrophic 
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cycle can form its own loop in both 
terrestrial and aquatic 
environments, as sulphur is 
consumed by plants and animals 
and then released again through 
decomposition. 

But this isn't the only iron that 
sulphur hasinthe fire. Elemental 
sulphur is found around volcanoes 
and geothermal vents, and when 
volcanoes erupt, massive 
quantities of sulphur, mostly inthe 
form of sulphur dioxide, can be 
propelled into the atmosphere, 
Weathering of rocks andthe 
production of volatile sulphur 
compounds inthe ocean can also 
both lead to the release of sulphur. 
Increasingly, atmospheric sulphur 
isaresult of human activity, such 
as the burning of fossil fuels. 

Once in the air, the sulphur 
dioxide reacts with oxygen and 
water to form sulphate salts and 
sulphuric acid. These two 
compounds dissolve wellin water 
and may return to Earth’s surface 
via both wet and dry deposition. Of 
course, not all the sulphur is 
getting busy; there are also vast 
reservoirs in the planet's crust as 
wellasin oceanicsediments. 


effects on natural communities, upsetting 
the chemical balance of waterways, killing 
fish and plant life. If particularly 
concentrated, acid rain can even damage 
buildings and cause chemical weathering. 
However, the environmental impact of 
sulphur pollution isn’t entirely negative; 
atmospheric sulphur contributes to cloud 
formation and absorbs ultraviolet light, 


Atmospheric sulphur 
Once in the atmosphere some 
sulphur aerosols can remain for 
years, reflecting the Sun's energy 
backinto spaceand lowering 
surface temperatures many miles 
away. The eruption of Mount 
Tambora in Indonesia is thought 
to have caused the ‘year without 
slimmer’ reported in Europe and 
North America in1di6, 
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NG Sulphate ru 
Sulphates are 
water-soluble and can 
easily erode from soil. 
Most of the sulphate 
entering the ocean 
arrives via river runoff. 
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Plant and animal uptake 
Plants obtain sulphate ions made 
available by microorganisms in 
the soil and incorporate them into 
proteins. These proteins are then 
consumed by animals. 


Wet and dry deposition 

The airborne deposition of sulphur 
compounds, whether sulphate salts or 
sulphuric acid, isthe dominant cause of 
acidification in both terrestrial and 
coastal ecosystems. 


Organic deposition 

When biological material breaks down, sulphur 
isreleased by microbes in the form of hydrogen 
suphide and sulphate salts, as well as organic 
sulphate esters and sulphonates. 


somewhat offsetting the temperature 
increases caused by the greenhouse effect. 
In addition, when acid rain deposits 
sulphur in bodies of wetlands, the 
sulphur-consuming bacteria quickly 
out-compete methane-producing microbes, 
creatly reducing the methane emissions 
which comprise about 22 per cent of the 
human-induced greenhouse effect. 


Burning fossilquels 

LRM AE ecg ieee Beebe 
SMe) MO Ce Pee) MAMt=eed nT vel 
ey a eC MEIN A ees iaet ts i atstas 





O70 YOU RNOVWS Sulphur ts actually the ‘brimstone’ of biblical fame, where it ts said to fuel the fires of hell 





The cycie in action 


Sulphur is ubiquitous on Earth but much like your average teenager, the 
behaviour of sulphur depends heavily on its companions. The element is both 
necessary for all life and potentially highly toxic, depending on the chemical 
compound. It moves through different compartments of the planet, taking a 
range of forms, with many and varied impacts, 


re 
bE 
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Human impact 

Industrial activity at mines, metal 
processing plants and power stations 
releases hydrogen sulphide gas from 
sulphide mineral deposits, plus 
sulphur dioxide from sulphates and 
fossil frels. 















Leow eemore 
some alchemists ta 
try and re-create gola 


PUTMe Rael nied 













Release of Fru Ht 
sedimentary sulphur | | | IS 
Volcanic and industrial | = , | 
 Onceinthewater, some ode ge activity release hydrogen | | | 
sulphates may bereducedto ~~» - > sulphide gas from sulphide sul hur? 
sulphides byaquaticplants = Ae mineral deposits, and r= im a 
and microorganisms. ea sulphur dioxide from 
/ ae th sulphates and fossil fuels. Sulphur is one of the most 
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important and common elements 
on Earth. It exists in its pure form 
asa non-metallic solid and is also 
found in many organic and 
inorganic compounds. It can be 
found throughout the Earth’s 
environment, from the soil, air 
and rocks all the way through to 
plants and animals. 

Because of its bright yellow 
colour, sulphur was used by early 
alchemists in their attempts to 
synthesise gold. That didn’t pan 
out, but people still found many 

zi usefulapplications for it, 
Deposition of including making black 


; sulphate minerals gunpowder. Today sulphur and 
Sulphates are also deposited 2a si i : 
fea sinil ariearsie ne Thiet sulphur compounds are used in 
suchas gypsum, a formof many consumer products such as 
calcium sulphate. matches and insecticides. Sulphur 





isalso.a common garden additive, 
bleaching agent and fruit 
preservative, and is an important 


Microorganisms : peor ae 
) citi : industrial chemical in the form of 
Many different fungi, LS Deposition of apne sulphuric acid 
actinomycetes and other bacteria EF in sediments i P ee 
are involved in both the reduction if [ron sulphide, known.as pyrite, Early users mined elemental 
and oxidation of sulphur. g and other sulphide minerals sulphur from volcanic deposits, 
Bs become buried insediments. but when the demand for sulphur 
iS - : 
s outstripped supply towards the 


Large quantities of sulphur end of the 19th century, other 

inits mineral form are sources had to be found. Advances 
found around volcanoes in mining techniques enabled the 
extraction of sulphur from the 
large salt domes found along the 
Gulf Coast of the United States. 
Both volcanic and underground 
sulphur deposits still contribute to 
the global supply, but increasingly, 
industrial sulphur is obtained asa 
byproduct of natural gas and 
petroleum refinery processes. 
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ave weather 


Explore one of China’s most stunning cave systems 
to learn why it has developed its own microclimate 


ut of from the Sun, rain and wind that 

mee Ges etel i meee OMAN ee-] beg ta meme ELD 

might assume meteorological 
conditions in caves never change. However, the 
care VULATEM GOT LMON SEM MDNERTRC Hele R:) A 
significantly — not only from location to 
location, but within individual caves overtime. 
Indeed, some examples, like the Er Wang Dong 
cave system in Chongqing Province, China 
(main picture), even host their own weather. 
SUL AD tithe dee iB elesehc cRAe ele ces ee 
OLOR Gs) MMT PLM O MTA OM OU el PMcLUR MCN OLOLeO aT ee 

Inthe case of Er Wang Dong, it all comes 

down to an imbalance in the local topology. 
iM at-la=e: bases) cP Reda pel) epee) ema -m esi 
system's perimeter where wind can blow in. 
Once trapped underground air from outside 
pains moisture, pooling into huge chambers 
like Cloud Ladder Hall - the second-biggest 
ic LAUDEURO ch RUMI REN LUMIOR ANSE MEUM ome) | 


mf=g= Peele me ela eer perl sp 
in the deep sinkhole at the 
entrance of the caves while 
the Sun shines above it 








IPA Mele me Celts 
Ladder Hall 
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CPUs lajsMMrba) omeitele asa P an Re POIP POP lopa meme la)lan (alsa 
Once inan open chamber this humid air rises. 

While there are numerous entrances into this 
subterranean complex, the exits are few and far 
between. In Cloud Ladder Hall’s case, it’s.a hole 
in the roof some 250 metres (820 feet} above the 
floor, leading to a bottleneck effect. Asthe damp 
air hits a cooler band near the exit, tiny water 
droplets condense out to create wispy mist and 
fog. In the other chambers plants and 
underground waterways can also contribute to 
underground weather. 

Even caves without any direct contact with 
dame PLeI EOC UH) SCOR W OPE AO IE. @ 8 el) itm mp Tits Lelia 
VEU MERCER Tees) MM Crm S Relea 
EIGtH OL] O)E Ia ema esri-it PeeWee Re] at Teen Tce h kU 
UN Ssece dtd cele icn a oe adseeeeny ester eee 
through the rocky floor. However, insuch caves, 
MOTO eee Dee UN eleee eal eM Op ime a eCce eg spac 
place over longer time frames. 
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Although previously mined, the Er Wong Dong cove system was properly explored for the first time in 2013 
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Discover the method that helps us prepare for the elements, come rain or shine 


‘he weather affects us all, every day. From 
governing the difference between life and 
death, to providing a conversation topic to 

fillawkward silences ata party, itis an ever-present 
and ever-changing part of life. This means that 
predicting it accurately is a hugely important task. 
Inthe UK, the Met Office is responsible for 
weather monitoring and prediction. Before a 
forecast can be put together, measurements from 
thousands of data recorders across the world are 


| Data collection 
Data from receivers all over 
the world is transmitted to a 
variety of hubs such as the 
World Meteorological 
Association in Switzerland. 


~ Land-based data 
Instruments on land measure 
temperature, atmospheric 
pressure, humidity, wind speed 
and direction, cloud cover, 
visibility and precipitation. 


) Meteorological 
station 

Small weather stations take local 
readings, with thermometers for 
temperature, hygrometers for 
humidity and barometers to 
measure atmospheric pressure, 


Station fe oy 
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collected and analysed. Every day, around 500,000 
observations are received, including atmospheric 
measurements from land and sea, satellites, 
weather balloons and aircraft. But, thisis still not 
enough to represent the weather in every location. 
To fillin the gaps, the data is assimilated. This 
combines current data with what is expected, to 
provide the best estimate of the atmospheric 
conditions. To produce an accurate forecast, the 
data hasto be fedintoasupercomputerthat creates forecasts, further computer models are relied upon. 
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anumerical model of the atmosphere. The process 
involves many complex equations, and the Met 
Office’s IBM supercomputer can do more than 1,000 
trillion calculations a second, running an 
atmospheric model with a million lines of code. 
Forecasters can use this data and techniques 
such as nowcasting — using estimates of current 
weather speed and direction — to predict the 
weather in the hours ahead. For longer range 
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. Launchable 


// sounding probe 
= Data from the air 


‘, Satellites, weather balloons 
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J 


WE (carrying radioson 

td ly z ' ying radiosondes) and 
j= *\ ' Radiosonde 

Wil (tii 


) aircraft all measure various 
Wi) iy parameters like temperature and 
i composition of the atmosphere. 
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, Thousands of small weather 
j Stations across the world 








feed data back to 
meteorological hubs 





Ship measurements 
Specialised ships, research craft and 
volunteer merchant vessels take 

marine measurements and send the 
data to be analysed. 
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Autonomous Underwater Vehicle 


AUVs can remotely cruise the depths, and 





The maxirnum 


Data from the sea 


Ships and buoys measure water temperature, salinity, density send back data regarding ocean temperature, depth reached 
and reflected sunlight, as well as wind speed and wave data. salinity and density. | By the AU. 
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NOW? In 300 BCE, Greek philosopher Theophrastus wrote o book listing over 200 woys to forecast weather 
















4 Radiosonde 15.000m 
This small instrument is The altitude reached 
attached to a helium or by a eidigeorcde 


hydrogen balloon and takes 

airborne measurements 

of pressure, temperature 

and humidity. 5 aa «in 


Satellites 

Geostationary and polar orbiting 
satellites record data and 
produce imagery to show 
forecasters fog coverage, cloud 
height and precipitation. 
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The altitude reached by G-IV 
aircraft, which drop sounding 


4 robes towards the ground, 
Meteorological . - 


aircraft 
Data comes from either 
specialist meteorological cyt) 


planes, or from the The altitude at which 
automatic recordings of 


Launchable sounding probe 
Dropped from an aircraft, this probe can 

















commercial flights. specialist meteorological , Jet neers wind velocity. Dernier erties 
aircraft can reach. A ; G-IV humidity and pressure as it falls. 
a ri | 
Hurricane Hunters 
These modified Lockheed 
P-3 Orion aircraft, which 
are equipped with fa a | - 
state-of-the-art a. ‘ The future of forecasting 
instruments, and a highly p g New modelling techniques that 


account for changes in humidity, 
temperature, wind velocity and 
cloud activity could make 


sensitive Doppler radar. 


Radiosonde sends 


a, Z AUT 7 = information to base forecasting more accurate. 
ay ? i f ye 
The altitude reached , 
by the P-3 aircraft. | 7 
ae |. Current ~~ - Scale: 12km 
e& , Y 365m model | ———-___. persiide 
| The altitude fo | y 
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| osON, _ <a reached by an 
Gas . =. aerosonde drone. 


Experimental — 
Aerosonde model . 
This unmanned research - 
craft is capable of 
sampling and recording i 
weather data swiftly “SS 


and accurately. 







Strongest winds Scale: 1.3km 
per slide 





Meteorological centres 
All of the data recorded is assimilated | 
= inthese centres, as well as being 

> analysed and distributed for more 
local predictions. 







“Every day, 
oround 500,000 
observations are 
received from 

~ land ond sea” 
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Data transmitter 6 E 
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Weather buoys 
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| Radar station 


Radar is used in 
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Maritime sou ding probes 


Dropped from aircraft into the sea, 


eee Either tethered or 
free-floating, buoys are 
furnished with 


instruments to take 





meteorological these probes are often called meteorology to measure the 
measurements where ‘dropsondes' and can sample and intensity with which rain, 
ships can't or don't go, transmit data back to base, snow, sleet or hail is falling. 
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ightning occurs when a region of cloud 

attains an excess electrical charge, either 

positive or negative, that is powerful 
enough to break down the resistance ofthe 
surrounding air. This process is typically initiated 
bya preliminary breakdown within the cloud 
between its high top region of positive charge, 
large central region of negative charge and its 
smaller lower region of positive charge. 

The different charges in the cloud are created 
when water droplets are supercooled within itto 
freezing temperatures and then collide with ice 
crystals. This process causes a slight positive 
charge to be transferred to the smaller ice crystal 
particles and a negative one to the larger 
ice-water mixture, with the former rising to the 
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top on updrafts and the latter falling to the 
bottom under the effect of gravity. The 
consequence of this is gradual separation ot 
charge between the upper and lower parts of 
the cloud. 

This polarisation of charges forms a channel of 
partially ionised air -ionised airis thatin which 
neutral atoms and molecules are converted to 
electrically charged ones —- through which an 
initial lightning stroke (referred to asa ‘stepped 
leader’) propagates down through towards the 
ground. As the stepped leader reaches the Earth, 
an upwards connecting discharge of the 
opposing polarity meets itand completes the 
connection, generating a return stroke that due to 
the channel now being the path of least 


Capable of breaking down the resistance of air, 
lightning is a highly visible discharge of 
electricity capable of great levels 

» ofdestruction. But how is it formed? 


MeL eay Peto OL OTT MEUM) (ies Care O mA eles 
can help generate lightning 


resistance, returns up throughitto the cloud at 
one-third the speed of light and creating a large 
flashinthesky. 

This leader-return stroke sequence down and 
up the ionised channel through the air 
commonly occurs three or four times per 
lightning strike, faster than the human eyeis 
capable of perceiving. Furthermore, due to the 
massive potential difference between the charge 
areas — often extending from an incredible ten to 
100 million volts—the return stroke can hold 
currents up to 30,000 amperes and reach heights 


of30,000°C (54,000°F). Typically the leader stroke 
reaches the ground in justten milliseconds and 
the return stroke reaches the instigating cloudin 
100 microseconds. 





The peok temperature of a lightning bolt’s return-stroke chonnel ts 30,000°C [54,000°F) 





a | Cloud-to-cloud Cloud-to-air 
| aining t | e As with cloud-to-pround, cloud-to-cloud lightning Similar to cloud-to-cloud, cloud-te-air strikes 
= | aah = discharges occur between polarised areas of differing tend to emanate from the top4most area ofa cloud 
formation of li hin in charge, however here the ionised channel runs that is positively charged, discharging through 
, , between clouds instead ofa cloud to the ground. anionised channel directly into the air. 
_Aryo Centre of -AQ° 
40°C positive charge C 
. Centre of | 0 
15°C negative charge 15°C 
Small centre of 
-5°C 
-5°C 
Cloud-to-ground Intra-cloud Charge differential 
Cloud-to-eround lightning occurs when a channel of Intra-Clowd lightning is the most frequent type worldwide Clouds with lizhtning-generating potential tend to consist of 
partially ionised air is created between areas of positive and occurs between areas of differing electrical potential three layers of charge, with the top-most part a centre of 
and negative charges, causing a lightning stroke to withina single cloud. [tis responsible for most positive charge, the middle a centre of negative charge, and 
propagate downward to the ground, aeroplane-related lightning disasters. the bottom asecondary small centre of positive charge. 


eee ‘Due to the massive potential difference 
etween clouds (typically cumulonimbus or 


stratiform) and the ground, but also between between charge oreas the return stroke 
separate clouds and even intra-cloud. In fact, 75 Con hold currents Up to 30,000 gmperes 
percent ofall lightning strikes worldwide are qnd reach 30,000°C (54, N00 °F} rr 


cloud-to-cloud or intra-cloud, with discharge 





channels forming between areas of positive and 
negative charges between and within them. In 
addition, much lightning occurs many miles 
above the Earth in its upper atmosphere (see 
‘Atmospheric lightning’ boxout), ranging from 
types that emanate from the top of clouds, to 
those thatspan hundreds of miles in width. 


Atmospheric lightning 
Unseen apart from by satellites, a major part of the world’s annual 
lightning is generated in Earth's upper atmosphere. 
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Despite the hich trequency of lightning strikes UO erm etree yet a mea 

aes. | et Vast 250-mile wide flattened discs of light, elves 
and their large amount of contained energy, , a i Pee VORTAC Ti ese a ema Wey eeT Cs 
current efforts by the scientific community to 3 ruin dati a oe tpt 

. : eile due to electron collisions in the atmosphere, 

harvestits power have been fruitless. This is 
mainly caused by the inability of modern : - Sprites 
technology to receive and store such a large : Sprites are caused by the discharges of positive 

ae Ae a | es TTS Re EG COLMA Gla etree nls Ree oe ace nee 
quantity of energy in such a short period of time, a They vary in colour from red to blue and appear 


as each strike discharges in mere milliseconds. ; akin to large jellyfish. 


Other issues preventing lightning’s use asan Ete alice 


aaa Blue jets 
UAUPSNOrLAbE RPAH EMM a LSE e eer nUTeL ee ieela tt 
clouds.and stretchingina coneshape up into 
- ae: the stratosphere and mesosphere, blue jets are 
lee M eels yg Fa a r caused by intense hallactivity within astorm. 


enerey source include its sporadic nature —which 
while perfectly capable of striking the same place 
twice, rarely does -and the difficulties involved 
in converting high-voltage electrical power 
delivered by a strike into low-voltage power that 
can be stored and used commercially. 
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Lightning 
Far from uniform, lightning is an 
unpredictable phenomenon 
Bead lightning 

Atype of cloud-to-ground lightning where thestrike 


seems to break up into smaller, super-bright sections (the 
beads}, lasting longer than a standard discharge channel. 





Frequency: Rare 
Ribbon lightning 


Only occurring in storms with high cross winds and 
multiple return strokes, ribbon lightning occurs when 
each subsequent stroke is blown to the side of the last, 
causing a visual ribbon effect. 


lightning 
Aheavily branched 
cloud-to-pround 
lightning strike with 
short duration stroke and | 
incredibly bright flash. 


i Scottn Bear 


. 
li 


ghtning 
Ageneric term usedto 
describe types of 
cloud-to-cloud 
lightning where the 
discharge path of the 
strike is hidden from 
view, causing a diffuse 
brightening of the 
surrounding cloudsin 
a sheet of light. 
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Megalightning 


Aterm commonly used when referring to upper- 
atmospheric types of lightning. These include sprites, blue 
jets and elves (see ‘Atmospheric lightning’ boxout) and 
occurin the stratosphere, mesosphere and thermosphere. 


Frequency: Frequent 
Ball lightning 


Considered as purely hypothetical by meteorologists, ball 
lightning isa highly luminous, spherical discharge that 
according to few eyewitnesses last multiple seconds and 
can move on the wind. 
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A look at some of the most dangerous 
places to be when lightning strikes 














‘ 
Danger zone ee ee 
Ten percent ofall people Multiple strikes 
struck by lightning were The Empire State Building is 
in Florida atthe time. struck 2.4 times peryear on 
average. It was once struck 
cae ae eifht times in24 minutes, 











70% OF GLOBAL 
LIGHTNING OCCURS 
IN THE TROPICS 





5 
he 
7" 
: 
4 Global 
— == = @6©= hotspot 
The small village af 
Flashes Kifuka isthe most 
Above the Catatumbo Riverin struck place on 
i . Venezuela lightning flashes Earth, with 158 
TR te eine Ss several times per minute1bo strikes per square 
Damn And to think that tree was nights of the year. kilometre peryear. 


just two months fom retirement’ 


What are the chances? 


The odds of being hit by lightning aren’t as slim as you think... 


Lin 
300,000 


by lightning is one in 300,000, 
Which, while seeming quite 
unlikely, did not stop US park 
Tessa elect Pam iee) tame Ipn es 
struck a world record seven times 
alba DET EBD aCe 


Co ee Cal ie! 





09D YOU KNOW. The irrational fear of lightning ts referred to aos astraphobia 


F f al its Berniaaa n obo a se re 
asthe Masai Mara Game 
Reserve in Kenya, Africa 






get struck 


The parts of the body that 


Whena human is hit by lightning, part of 
the strike’s charge flows over the skin —- 
referred to as external flashover-and part 
ofit goes through them internally. The 
more of the strike that flows through, the 
more internal damage it causes. The most 
common organ affected is the heart, with 
the majority of people who die froma 
strike doing so from cardiac arrest. Deep 
tissue destruction along the current path 
can also occur, most notably at the 
entrance and exit points of the strike on 
the body. Lightning also causes its victims 
to physically jump, which is caused by the 
charge contracting the muscles inthe 
body instantaneously. 

Burns are the most visible effect of 
being struck by lightning, with the 
electrical charge heating up any objects in 
contact with the skin to incredible levels, 
causing them to meltand bond with the 
human's skin. Interestingly, however, 
unlike industrial electrical shocks-which 
can last hundreds of millisecondsand 
tend to cause widespread burns all over 
the body —lightning-induced burns rn 
to be centred more around the 
direct point of contact, witha 
victim's head, neck and 
shoulders mostaffected. 3 

Post-strike side-effects af being yy 
struck by lightning range from 
amnesia, seizures, motor control 
damage, hearing loss and tinnitus, 
through blindness, sleep disorders, 
headaches, confusion, tingling and 
numbness. Further, these symptoms do 
not always develop instantaneously, with 
many— notably neuropsychiatric 
problems (vision and hearing}-— 
developing over time. 
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Deadly 

In July 2007, 70 people 
were killed by lightning 
in the remote village of 
Ushari Dara in 

es northwestern Pakistan. 
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acies strikes! 
Singapore has one of the world's highest 


rates of lightning activity. 


In comparison... 
1in 14,000,000 1in 11,000,000 


The chance of winning Flying ona single-trip 
thelotteryinthe UKRisone commercial air flight 
in14 million. That is over Mea emcee tt med ee 
million chance of being 
Killed inan accident. 


RE Ae 


[In order to get better 
odds, 20 out in Your car, 
Over 3,000 people are 
killed every day on 


45 timesas unlikely as 
being struck. 


eesti ee 
SU ctenh ele hee ea aehaT wn ime Ly 
TES algal Opes tae eee 
more likely than the 

MOT TEMeRO ROR USN MACe SIMU eeTe 
Cow Disease in the UK. 
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What happens when 
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ightning? 


feel the effect if struck by lightning 





















Audio visual 
Eyes.and earsare 

commonly affected by Oragans 
seine — Geanteihoe cule 
oss, tinnitus and / My statistically 
blindness common. f probable. Death by 
Many of these | ‘eae ae 
ee cardiopulmonary 
ce eveiop arrest is the main 
z source of death 
for lightning 
strike victims. 
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Skin 

Whenstrucka 

portion of the 

strilce’s charge 

flows over the 

Muscles skin, while the rest 

Muscles flows through the 

contract body internally, 

instanthyon Skin burns and 

strike, causing hair loss are 

the victim to common side 

jumpand effects as wellas 

suffer the bonding of 

muscular worn fabrics, 
SPI ZUTeCS. 

Bodly tissue Nervous system 


Deep tissue destruction is Motor control damage is common, often 
common along the current permanently affecting muscle and limb 
path, which courses through movement, neural circuitry and motor 
the body from cranium to feet. planning and execution decisions. 
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From tornado-force winds to 
superhot flames, dare you 
discover nature’s most 
violent infernos? 
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Lorge wildfires hove increased by 300 per cent in western USA since the mid-€ighties 








esas) waeees Reems beste e tomers are 

most violent and unpredictable 

phenomena. Tornado-force winds sweep 
superhot flames of up to1,000 degrees Celsius 
selene lie rele e eet amet ee ened veal b eee pT pss : 
and forests alike. Victims often suffocate Y Puffy 


eTJea=MaUt=amec Demi eRe eR Uhe nec Raa epee epi mel 
cauliflower appearance 


| due to bubbles of rising 
darkness, 100-metre (330-foot)-high fireballs hot air and falling cold air. 
and a roaring like a jumbo jet. To give youan — 
CelersMOlM OA sec) aslce mela OD CMOS itEews DAO em NLL 


a) a) AUCaDesi (zl el D Em PLUS) ERO) MAO carci Chmalecme lsc Manel = 


enough to melt aluminium and tarmac, warp o * 7 
ie) s)e] pac tele Mad OM AUG Otc Ut em I NLRe Re Es istos ~ Mushroom cap 
Mid ite Stemi es Ree taN eel eee | The top of the lower 


WA CRGese hibit intisatmeee | atmosphere stops the air 


rising any farther. Instead | _ Smok 
and in the Australian bush. They occur most! Saat monKescreen 
: zs | Mi | “i A it spreads out beneath. Nah ee cin eet 
insummer and autumn when vegetation is 7 ge oe a ee al 
tinder dry. Although they are a natural > is and typically turn it a 
phenomenon, among the most devastating nd ae grey or brownish colour. 


ieee etc m ele ect he Ree EEO De 
[I, for instance, Allied forces used incendiaries 
and explosives to create devastating 





firestorms in Japanese and German cities. 
Firestorms also erupted after the cataclysmic 
meteor impact of 66 million years ago that 
many believe to have triggered the extinction 
of the dinosaurs. 

Climate change may be already increasing 


Ree Ae roCeMarlecil ae elpa me eleemitlani keg 
Mim at) Mente Neem Net E a PTecLen NINES CS) a: 


ever hotter and drier. The Rocky Mountain The terrifying mushroom clouds produced water vapour, ash and dust. The vapour starts 





Climate Organization, for example, has after nuclear Sh oe of cimanl) high in the atmosphere and condenses 
es | eV aeTM Psa OT LUR Pea) ae comet (OOo MAD Em Ohba gba bs as water droplets onthe ash. Asa result, a 

Bo AS AS ae ee oa Poet Caa te wenes ler M em tne ied cit ere| MOMCRGentaee (ae teeeli (eh molten itt 

US states warmed by an average of one degree heating duringa firestorm. Their tops can TCC eA ULM aie e a 

eb eels eea sea bebe anette ee ww aig reach an incredible nine kilometres (six enough water is available. The olor cesta 

danger season has gone up by a staggering 78 miles) above the ground. When the fire heats SEPM al! (eel Ra bright side, rain can 

WEL cE SRM em ht tel ae the air, itrises ina powerful updraftthatlifts extinguish them. 


The risk of an Australian firestorm striking 
PRU M MIAMI EEcREO BILE bl cite ei M esha 
Vise P RMP ito M Crim tT hums Misa pec ( moods Lae 


Tae een How firestorms change the weather 

















and extremely hot days. In January 2013 alone, Firestorms can release as much 
a hundred bushfires raged through the states energy as a lightning storm on a 
' | a an Perr ey a hot summer's afternoon. 
en aD See eA Ea Leta Warm air above the fire is lighter 
Ue Basie cl elge a betem il mV hn than the surrounding air so it rises; 
Maximum daily temperatures Reis ca wi: - the swirling pillar of lifting alr above 
: | sD the fire is called a thermal column. 
degrees Celsius (104.5 degrees iz cil as This tornado-like structure is 


beating the previous record set | responsible for a firestorm's power. 2. Pyrocumulus 


Firestorms can happen during Bt Under the right weather conditions, The air cools as it rises. 

ae. iL : c . z tS on = ; gona 

fi ; ee er — air can rise inside the column at Moisture condenses onto 
RUC a eee iine lah) lol h ht) eye-watering speeds of 270 suspended ash particles 


Peletsle MeO bbe Ce OU MEBs riA: | [hl ab eee | kilometres (170 miles) per hour! and a dense cloud forms 

create its own weather a 4 Cooler air qusts into the space left that can become a storm. 
behind by the ascending air, causing 

violent winds that merge fires 
















ee poe re 
io. Bee J eg a 1 5 : = 
e ss “Oi TRU Ll together into a single intense entity. 

he=Ta ma f | They also blow in oxygen, wood and | a 
os | ce Sites | yge 

| other flammable material that serve 

wR ral Ln ot mie Cr to fuel and intensify the blaze. 

aii irene a oe otairris besa PY ie Pitta ann Turbulent air spiralling around the 
inadditiona Foxy Roi ‘ary Sebi, which thermal column can spawn fire 1. Thermal column 3. Filling the gap 
Pe ee . oe a ee a tornadoes and throw out sparks. The fire warms the air Air rushes into the space 
=e ik Sot se | eli These can set light to trees and above, causing it to left by the rising air, 
Re) @ neste lap Tasik - tens ve ne the ambient wind houses tens of metres away, become lighter than its creating violent gusts that 
speeds. The huge pillar of rising air -calleda increasing the canflagration’s range. surroundings so it rises, only intensify the fire. 
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Mea tiee PR MOUT Gee mee ana ERatemi ale lem ants _ | 
firestorm can generate thunderclouds and Pr Roi) e th step-by-step 
Flanking and 


even lightning strikes that spark new fires. ; i 
ee é ci F | See how a deadly firestorm starts as a single backing fires 
a number of fiery tornadoes, which can 






The fire front burns any 
fuel ahead. Flanking and 





tower to 200 metres (650 feet| and stretch Fire front 3 hacking fires set light to 
300 metres (980 feet} wide, lasting for at The fire moves quickly - | vegetation to the sides of 
eee oe aa Eee tel Se ene ae forward in a long, a ™ the tire front and behind the 
Peele REO eULEU ECE broad curve. Its intense 7 point of origin, respectively. 
and other burning debris across the heat preheats and 

landscape, spreading the blaze. The ies De wen eeaann 


turbulent air can gust at 160 kilometres : Sao — 
(100 miles) per hour, scorching hillsides as 
Ue tw OMe Reena deel hm ACO) OES 
VIER Ge Bee UC eel eRe De 
typical wildfire, which moves at around 23 
Ka OCaee siete PPM BT e esi] astm ele Ppa Deed 
under the average human sprint speed. 
Like all fires, firestorms need three 
Mar CRCM el bigi ee eile eB ile eee eee Lele 
ignition and to dry fuel so it burns easier. 
Fuel, the second must, is anything that 
combusts, whether that be paper, grass or 
Gee OTC ae DP heim sees ects em te toot 
MUM Oh SPOOR tM PPEe CoM Me tclpm meter tee esd 
processes. When wood or other fuel burns, 
eas MALI RE A cam UROL cea Dane na en tars 
air to release heat and generate smoke, 
embers and various gases. Firestorms are 
ORD OI IMA VOC RAE LUn Giese — | 
available oxygen, suffocating those who \ SN Spot fires 
Oe ACRE Com Cate ieee Cis eect oon e ) If a fire ignites the 
shelters or cellars. | tree canopy, the fire 


intensifies and burning 
embers explode many 
= = 7 
Fighting 
irestorms 


metres in every direction. 
Fire wardens, air patrols 


and lookout stations all 
help detect fires early, 
before they can spread. 
Once a fire starts, 
helicopters and air tankers 
head to the scene. They spray 
thousands of gallons of water, 
foam or flame-retardant chemicals 
around the conflagration. In the meantime, 
firefighters descend by rope or parachute 
to clear nearby flarmmable material. 

We can reduce the risk of fire breaking 
out in the first place by burning excess 
vegetation under controlled conditions. 
Surprisingly this can actually benefit 
certain plants and animals. Canadian 
lodgepole pines, for example, rely partly 
on fire to disperse their seeds. Burning 
also destroys diseased trees and opens up 
congested woodland to new grasses and 
shrubs, which provides grazing for cattle 
and deer. 

Vegetation in fire-prone areas often 
recovers quickly from a blaze. Plants like 
Douglas fir, for instance, have fire-resistant 
bark - although it can only withstand so 
much heat. Forest owners help flora to 
return by spreading mulch, planting grass 
seed and erecting fences. 





Crown fires 
Fires in the tree canopy, 
Ignition . aka crown fires, are 
| Dried-out vegetation is intense and spread 
ignited by a lightning strike, quickly, often threatening 
the heat of the Sun or by human settlements. 
human activity -eg a Large expanses of forest 
discarded cigarette, arson can be destroyed and 
attack or faulty power cable, take decades to recover, 





The biggest man-made firestorm took ploce in Dresden, Germany, in 1945; 7Oo per cent of the city wos destroyed 











Cloud 
The hot air cools as it 
goes up, and droplets of 
water condense on the 
ash particles. A puffy 
cloud forms with pockets 
of billowing, moist air. 
















Thermal column 
Air is Warmed by the fire, 
becomes lighter than the 
surrounding air and rises 
to create a thermal 
column. The lifting air 
carries smoke and ash 
from the blaze with it. 



































Airtanker 

Aerial firefighters dump 
walter from above, or for 
more serious blazes, fire 
retardants like ammonium 
Sulphate are used, which 
also act as a fertiliser to 
help promote regrowth. 





Wind 
sparks and embers flying 
off the tree canopy are 
blown with the breeze. 
They cause the Tire to 
spread and advance in 
the direction of the wind. 










Self-sustaining 
Winds blow in towards 
the conflagration to 
replace the rising air. This 
brings oxyqen to feed the 
fire. The thermal column 
— becomes self-sustaining 
Going up and a firestorm ensues. 
Fires move faster uphill 
for several reasons: the 
flames are closer to fuel 
sources; vegetation is 
typically drier on slopes 
so easier to ignite; and 
winds often blow upslope 
| because warm air rises. 
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plant explained 






052 Ieee ane leaves 
Identify leaves of different trees 
with our guide 


054 Poisonous plants 
Discover which dangerous plants 
to avoid 


o56 The life oftrees 
Discover how trees grow and why 


you can't live without them 


058 Woodland wildlife | 
Forests are home to many different 
creatures — how do they survive? 


Q 059 World's tallest trees 
5 O4 Do you know which tree beats the 
Life as . Statue of Liberty in height? 
a plan 
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The importance of trees . 
The forest does more than provide 
firewood and scenic walks 


How docactilive? 
The survival methods of these 
prickly flowers 


How are plants cloned? 
How identical copies of plants 
benefit us 


How do plants grow 
towards light? | 
Getting enough sunlight 


Killer plants 
How do these plants capture their 
live prey? 


Coffee plants 
From a seed toa steaming hot cup 
-how does it happen? 
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Asunflower head comprises up 
to 2,000 tinvindividual flowers. 3, 










Could you stay put in your birthplace for hundreds of years, 
surviving off whatever happens to be around? 


| Bf ruly, it’s not easy being green. But plants 

i not only survive, they thrive all over the 

Flobe, without the benefit of muscles, 

brains or personalities. It's a good thing they do: 
plants head up nearly all food chains, pump out 
the oxygen we breathe, hold off erosion and filter 
pollutants out of the atmosphere. Over the past 
3.5 billion years, they've diversified into an 
estimated 320,000-430,000 separate species, 
with more coming to light every year. 

All this stems from one neat trick: harnessing 
the Sun‘s energy to power a built-in food factory. 
Through this process, called photosynthesis, 
plants combine carbon dioxide with water to 
create carbohydrates that they use to grow and 
reproduce. The earliest plants, similar to today’s 
algae, didn't do much other than 
photosynthesise. They floated around in the 
ocean, soaking up water and rays and 
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reproducing asexually. Then, around 500 
million years ago, plants evolved to live on land, 
to obtain the power boost of more abundant 
sunlight. The first landlubber plants still needed 
to stay wet all over, however, so they were 
confined to perpetually damp areas. Today's 
mosses, liverworts, and hornworts have the 
same limitations. 

Things got more exciting 90 million years 
later, when plants went vascular. Vascular 
plants have tissue structures that can distribute 
water and nutrients absorbed by one part of the 
bady to the rest of the body. Instead of spending 
its days soaking in a puddle, a vascular plant can 
erow roots down into the ground to soak up 
water and minerals while sending shoots up 
into the dry air, topped with leaves that soak up 
sunshine to power the food factory. This feature 
allows vascular plants to evolve to a larger size, 


Plants can store this food in their roots, inthe 
form of root tubers, like carrots and sweet 
potatoes. Above ground, vascular plants protect 
themselves and retain their water supply witha 
waxy, waterproof covering called cuticle. Cuticle 
makes plants hearty enough to reach high into 
the air or spread far along the ground. 

Plants grow at meristems, areas with cells 
that are capable of division -thatis, making new 
cells. Hormones control this cell division to grow 
particular forms, like leaves, as well as 
controlling the direction of growth, guided by 
what the plant ‘senses’, Based on the settling of 
starch grains that indicate the direction of 
eravity, the growth hormone auxin drives stems 
to grow up towards the sky and roots to grow 
down towards water, Then, plants actually turn 
leaves toward the Sun. Triggered by light- 
sensitive cells that effectively ‘see’ light, the 

















OID YOU KNOW? Some seeds con lie dormant for yeors. In1966, scientists successfully plonted 10,000 yeor-old tundra lupine 


hormone auxin causes more cells to 
grow onthe dimmer side of a stem, 
making the stem and attached leaf 
bend towards sunlight. Similarly, 
vines automatically curl when they 
come across a larger plant, causing 
them to wrap and climb. 

Plants switch sexual orientation 
every generation, Each sporophyte 
feneration produces male and female 
spores, which asexually yield male 
and female plants. In this 
fametophyte generation, males 
produce sperm and females produce 
eges, which join up to create new 
sporophyte plants. Typically, the 
sporophyte generation is a large, 
familiar plant, while the 
gametophyte generation is tiny. For 
example, pollenis tiny male plants in 
the gametophyte generation, The tiny 
males and females produce an 
embryo, or seed. 

When you can’t walk, spreading 
your seed requires a little more 
creativity. For example, flowering 
plants attract insects with nectar, and 
then coat their legs with pollen to 
carry to the next plant. Plants also 
develop tasty fruits around plant 
seeds to entice animals to swallow 
seeds, and then defecate those seeds 
miles away. 

Plants enrich every corner of 
human life, even beyond food and 
oxygen. From invaluable herbs - 
plants with medicinal or flavour 
value -to towering trees made from 
woody tissue, our original go-to 
construction material, plants prop up 
our civilisation. High-tive one today. 
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Teter Life cycle of 
The female centrepiece of a flower | oe 
comprises the ovary anda slender -——_ «= 
neckcalled thestyle, which hasa a flower 
sticky top called astigma. atid | 
6. The ovary 
The ovary includes as 
multiple compartments 2. The stamen 
called ovules, each The flower's male members include 
housing ane this stallk-like filament, topped with 
eametophyte the pollen-producing anther. 
—technically, atiny 
female plant. aD 
Pinictaeinlenieitiee ns neon 
if, 2 sien designed to attract insects 
fj © « that come forthe free nectar, 
then unintentionally carry 
pollen to other flowers. 
4, Gametophytes 
Inside each anther, gametophytes 
— technically microscopic male 
f, The embryo sac plants are encased in pollen grain 
Ineachovule, cells divide to forman capsules. Each includes twosperm 
embryosac, which includesan ege, two cells anda tube cell. 
nuclei and an opening forthe pollen tube. 
' 5. The stigma 
Pollen grains stick to the stipma 
at the tip of the carpel, and 
produce a pollen tube down the 
styleand ovary. 
ll, The seed 
e The casing surrounding the 
| ovule hardens around the 
embryo, to form aseed. When 
ithasample warmth, 
10. The embryo eS moisture, and oxygen 
Through cell division, the (typically in the spring], the 
zygote feeds off the endosperm, . seed germinates-thatis, begins 
= to crow into an adult plant. 
8. The pollen tube 9, The zygote 
When the pollen tube reaches and One of the spermucells lertilises the ene, creating 
penetrates the ovule, it releases the azyeote. The two nuclei and the other sperm cell 
two sperm cells intoan embryosac. fuse toformafood supply called endosperm. 
7 3 |§ 
i *e BF ai 
4. Prothallus ena? 
Bach spore grows intoa x 
type of gametophyte | m, 
called a prothallus. This is a [ 
much bigeerthan the 7 
gametophytes in vi 
flowering plants. 7 ate 
Ferns date back 360 million years, [ wh , | 
is making them more than 2.5 times older \\ 6. Archegonia 
oO aw than flowering plants. \\ Sperm from another prothallus 
S!ho,& ‘ ; fertilises the egg inside the 
— © archegonia, to form azygote- 
eae 5. Mature gametophyte 
form, they burst open The prothallus grows both a female 
the padand disperse. sex organ (the archegoniajanda 
. Sees malesex organ (the antheridal, 
which produces sperm. 
2. Sporangia ¥. Young fern 
Inside these hard pods The zyeote crows intoa your 
onthe underside offern fern, and the prothallus 
fronds, spore cells multiply. structure withers away. 
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Most 


unusual 


| | | Movement 
plants ater 
| Internal transportation systems Water moves from 

| in plants move water, food and the xylem vessels, 
' ee which run fromthe 

other nutrients between roots, ccccad ga Bacal aka 


stems and leaves. Thissystem is 


the mesophyll cells. 


the key adaptation that allowed 
plants to evolve elaborate shapes 









se oe | Evaporation 
nd towering forms, 
ane towering forma Water along the walls of 
Upper epidermis B the mesophyll cells 
The waxy cuticle on the epidermis me evaporates, forming 
x keeps the plant fomdrying out. s water vapour, 
r 4 i 
. ta Palisade mesophyll Spongy 
The sensitive plant ee mesophyll 
Touch a leaf on the sensitive plant, : - : Mesophyll cells fit 
also known as mimosa pudica, and s ” together to form most of 
. eh . Xylem vessel the tissue ina leaf. 
an electrical current activates These vessels carry water, with dissolved 
sudden water loss, causing leaves to minerals, from the roots to leaves, | 
drop abruptly. This imitation of an Phi — Lower epidermis 
oe \ The lower epidermis can be 
eee oe ai These carry food created in photosynthesis thi nie than the upper 
from leaves to the rest of the plant. epidermis, since it doesn't 
Diffusion eet direct sunlight 
This water vapour exits the plant through leave 
openings called stomata. This continual exit of Stoma 


water creates negative pressure, which effectively 
pulls water up the xylem from the roots. 


Guard celis alongside each stoma (pore in the leaf) 
open when sunli¢ht and humidity are high. 


. ‘ on 













Many species, collectively knownas 
myrmecophytes, have evolved to be 
ideal homes for ant colonies, In 
return, the ants viciously attack any 
threats to the plant. 


Insects seeking nectar pick 
up pollen on their legs 





How absorption works 


Roots soak up water 
through osmosis -the 
drive for water to move 
through a cell membrane 
from a less concentrated 
solution to a more 


corpse flower 

This flower can grow to be o.gm (3ft} 
wide and 11 kilograms (24 pounds}, It 
mimics the smell of rotting meatin 
order to attract carrion-eating 
insects, which then ck its oo 


2. Water enters xylem 

Pressure from osmosis pushes water into 
xylem vessels in the root core. 

1. Root hairs 


Thin hairs extending from the 


Srriseiisstisiaivaey idetreaseal ate zea em elons iivdaed fie ; 3. Water enters snot inches hie carbene ered | 

Snowdonia hawkweed oath a en 4 forosmosis,andsohandle 
| ; | order to achieve Water continues 5 most water absorption. 
This Welsh flower is possibly the equilibrium.Cellsinroots flowingthroughthe # = 
world’s rarest plant. Botanists havea higher x¥lem, up into the a 7 
thought it extinct in the early-Fifties, concentration than the harsdainstie 
but in 2002 it made a surprise surrounding waterinthe —nepative pressurein 
reappearance near Bethesda. soil, so the water flaws the leaves, created by 
into the root, evaporating water. 
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OID YOU KNOW? We eot only about 200 of the 3,000 known rainforest fruits, while indigenous peoples use more thon 2,000 








How phot 


In Greek, photosynthesis means 
‘putting together’ (synthesis) using 
‘ight’ (photo), and that’s a decent 
summary of what it's all about. 
However, photosynthesis doesn't 
actually turn light into food, as you 
sometimes hear: it’s the power source 
for a chemical reaction that turns 
carbon dioxide and water into food. 

The energy of light protons 
temporarily boosts the electrons in 
pigment molecules toa higher energy 
level. In other words, they generate an 
electrical charge, The predominant 
pigment in plants -chloraphyll - 
primarily absorbs blue, red, and violet 
light, while reflecting green light (hence, 
the preen colou r}. In some leaves, 
chlorophyll breaks down in the autumn, 
revealing secondary pigments that 
reflect yellows, reds, and purples. 
Pigments are part of specialised 
organelles called chloroplasts, which 
transfer the energy of excited electrons 
in pigments to molecules and enzymes 
that carry out the photosynthesis 
chemical reaction. 





















Inside the food facto 
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Harnessing sunlight Expelling oxygen 
Chlorophyll and other pigments absorb The oxygen from the water isn't 
enerpy of light photons from the Sun. necessary to male food, so the 
plant releases it through pores 

called stomata. 







| Vacuole 
bininaa : Amongother things, 
2 CEH TCHS this organelle 
houses genetic contains water that 
instructions helps maintain the 
(DNA) and relays turgor pressure that 
ae keeps plants erect. 
Eresto 
the cell. 

s Making food 
Breaking Throughadditional 
water down reactions, the plant 
The energy from converts glucose 
light breaks water inhoa range of 
molecules down useful compounds. 
into hydropen Sucrose acts as plant 
and oxygen. fuel, starches store 

enerpy for later, 
protein aids cell 
growth, and 
cellulose builds 
cell walls. 
Chloroplast 
These are the engines 
for photosynthesis. A 
typical leaf palisade 
ay d) UK Imapes cellincludes up to 
oe eae 200 chloroplasts. 
Ca Nn GiOx! 
Plants getall the COa 
they need from the air. 
CO2 combines with 
hydrogen to make 
elucose, a simple sugar. 





forest? 
40 million sg km (15,444,100 5q 
miles), ora third of the Earth's 
land area, is covered by forests. 
34% Rest of the worle 
205%) Russian Federation 
12% Brazil 
4% US 
a5 Canada 
5%o China 
qo Australia 
39% Democratic 
Republic of Congo 
g 2% India 
10 2% Indonesia 
a 2% Peru 


Os A we fm 





Bunchberry dogwood 
This shrub holds the ‘fastest plant’ 
record. When its flower opens, 
stamens fling out like a catapult, 
propelling pollen at 800 times the 
BAe astronauts See ener 





Parachute flowers 

The different species of parachute 
flower have long flower tubes lined 
with inward pointing hairs that 
temporarily hold insects trapped, 
to ensure they end up covered in 
pollen before exiting. 





Welwitschia mira bilis 
This so-called ‘living fossil’ plant of 
the Namib desertin Africa grows 
only two leaves, over hundreds of 
years. They grow continuously, 
however, and can extend more 
than 4 metres 3 feet). 
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Flypaper plants 

Also known as butterworts, these 
plants are coated in super-sticky 
digestive enzymes that absorb 
nutrients from all manner of bugs 
that happen to get trapped. 
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Yew willow become an expert at identifying leaves Oak 
with OUT handy suide There are two main types of oak tree, the 


sessile oak and the pedunculate oak 
(which has a shorter stern). Oak leaves are 
used by the US Army as a rank symbol. 














Willow 


Maple ‘. Ash ; 
Plantain Willow leaves tend to be long and thin and 


You might recognise this leaf fram Ash leaves form in pairs; each central 

Canada's national flag. A maple tree's stem will bear nine to 13 leaflet pairs with These form ina rosette formation and will alternate along the stem. As they 
leaves usually have between three and one leaf at the tip. All leaves are pointed range from five to thirty centimetres (two mature, they lose many of their minute 
nine lobes, and are arranged opposite one and toothed, and have tiny hairs on their to 12 inches) in length. Generally, they are —s hairs and become a duller green on top, 
another on the branches. lower surface. egg-shaped and are often hairless. while the underside remains silver. 
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Acacia a. x 





Alder Lime Hazel 


ae: Lime leaves are generally heart-shaped Hazel leaves are almost completely round Acacia leaves are classed as compound 
Each alder leaf will have six to eight pairs sd in an alternate arrangement. The other than the section nearest the tip pinnate, as they form in pairs with a single 
of veins which are quite sunken in margin is made up of tiny teeth and the which is slightly pointed. It has a leaflet at the end of the branch. In hotter 
appearance. These leaves remain on the underside has prominent veins protruding noticeable toothed edge with a hairy countries, acacia stalks flatten to protect 
tree until quite late in the year. from its surface. underside and stalk. the leaves from intense sunlight. 
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Elm Hawthorn Sycamore 


Horse chestnut Elm leaves are characterised by their Hawthorn leaves have a simple structure Sycamore leaves always have five 

Each horse chestnut leaf is narrow at its asymmetrical base and the way they taper and tend to have a similar sized breadth distinctive lobes, along with five veins 
base but broadens out towards the tip. All to a sudden point at the top. They alsa and width. Many hawthorn hedges were radiating from the base into the lobes. The 
the leaves have a central vein that is quite have a jagged, saw-toothed edge anda planted during the Tudor period to mark leaf edge is quite ragged, with multiple 
prominent, along with a serrated margin, rough, hairy surface. farmland boundaries. rounded teeth all the way around it, 
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OID YOU KNOW? Plonts hove evolved different shaped leaves to cope with o range of environments 






Clover 
The clover leaf is typically trifoliate (has 
three leaflets) but the current world 
record is an incredible 56 leaflets! One in 
ten thousand have four leaflets instead of 
three, which many consider to be lucky. 





Strawberry 
Strawberry plant leaves typically have three 
lobes and are dark green in colour, The leaf 
edge is jagged and curves upwards as the 

leaf unfurls, before flattening as they grow. 


Red oak 
Red oak leaves differ to those of white oaks 
in their lobe shape - red oaks have pointed 
labes rather than round ones. Most rec 
oaks have large leaves that are at least ten 
centimetres (four inches) in size. 


Dog rose 


Between five and seven dog rose leaves 
form in compound pairs along each 
branch. These leaves are usually hairless 
and dark green in colour, with a slightly 
lighter underside. 








Water lily 


Water lilies are famous for their round, 
waxy-coated leaves which sit on top of 
long stalks. The leaves protrude out of their 
freshwater habitat and float on the surface. 





Fern branches are known a5 fronds which 
consist of a stalk with leaf-like growths 
sprouting from it. These leafy growths 
have a feathery structure and are 
commonly known as pinnae. 





Lilac 
Lilac tree leaves are characterised by their 


tear-drop shape which is rounded near the 
stem with a long ‘drip tip’ at the other end, 


They are dark green, and grow up to almost 


13 centimetres (five inches) in length. 


Beech 


Beech leaves have a simple structure and 
appear altemately along the branches. When 
they first form, the leaves are light green and 
have small hairs. Once they mature, they 
darken and lose the small hairs. 





Cottonwood 
Cottonwood leaves have an unusual 
triangular shape. Their petiole (which 
attaches each leaf blade to the stem)is a 
very important feature; it is flattened 
sideways to enable the leaf to move ina 
certain way in windy conditions. 





Celandine 

The leaves of the greater celandine are 
heavily lobed and are a grey-green colour. 
Celandine leaf is used to form a herbal 
supplement to treat digestive disorders. 








- 
White poplar 

White poplar leaves typically have a 
number of irregular lobes, however, those 
nearest the branch tips have three to five 
deep lobes, All leaves have a green upper 
surface and thick hair on the underside. 








Stinging nettle 


The stinging nettle plant has fine 
toothed, tapered leaves, which can grow 
to 15 centimetres (5.9 inches) in length. 
These almost heart-shaped leaves can be 
eaten when cooked and work well as a 
spinach substitute, 





Rowan 

The rowan tree (mountain ash), has 
compound leaves with up to 71-paired 
leaflets. Each has a serrated edge with 
small teeth and grey hairs underneath. 





Bramble 

Each bramble branch will have between 
five and seven leaflets growing from it, all 
of which have a particularly jagged edge. 
An army of sharp thorns grow on each 
stem, providing protection. 





Elder \ 


Each leaf is longer than it is wide, with a 
sharply toothed edge and small hairs on 
the underside, The leaves usually feature 
between five and seven leaflets in an 
opposite arrangement. 





London plane 


Similar in style to the leaves of a maple or 
sycamore, leaves of the London plane are 
lobed and veined, with a darker top surface. 
Before they fall in the autumn, they turna 
distinctive yellow or orange colour. 
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‘It takes four 


= | 

Poisonou 

pian castor seeds to 
Kill Auman, but 


They may look harmless, 80 to kill o duck" 
but some species of flora | 
can be fatal at 





here are lots of delicious and nutritious 












_ 
T 
plants growing in nature, but there are aoa 
5 tay Ge ila 
also some that you should definitely keep : A 
off your plate. Even the mosttasty-looking berries | oO Sy a 
ae j Poison hemlock 


or succulent leaves can contain deadly poisons, 
while other plants are even harmful just to touch. te 
[tis thought that these poisonous plants evolved 
to contain their lethal toxins asa form ofself- ales 
defence, poisoning the animals and humans who ‘a 
dare to eat or touch them to stop them from f 
coming back for more. However, some plants % 
affect animals and humans in different ways. For | 
example, it takes just four castorseeds to killa 
human, but 80 to killa duck, 

To make matters even more confusing, itis 
sometimes the case that only part of the plantis 
poisonous. For example, the stalks of rhubarb 
plants are great ina crumble, but eating the 
leaves, Which contain oxalic acid, can cause 
nausea and vomiting. In other cases, toxic plants 
can actually benefit your health, as ithas been 
discovered that the poisonous taxane alkaloids 
found in Yew trees contain chemicals that can be 
used tostop cancer cells from forming. Don't go 
munching on its leaves though, as you'll be left 
feeling rather unwell. 


(Conium 
maculatum) 
All parts of poison hemlock 
contain toxic alkaloid 
compounds that, when a 
ingested, can cause seizures, J 
tachycardia and paralysis. ©“ 
This can lead to respiratory 
failure and ultirnately death. 







J f 


































Golden chain 

(Laburnum) 

Laburnum seeds are 

* carried in pods, which 
look like pea pods, but 
shouldn't be eaten. 
The plant contains the 
poisonous alkaloid 

’ eytisine, which can be 

deadly in large doses. 


Foxglove (Digitalis) 
Ingesting any part of this 
popular garden plant can 
result in severe poisoning. 
The cardiac glycoside 
toxins it contains can 
cause vomiting and 

| i | diarrhoea, and in severe 

; a ——— A cases, visual distortion and 
| “sy heart problems, 
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Poison ivy Spit} 
(Toxicodendron \ Mf) e 
radicans) Vz aA 
Damaged poison ivy , ev a ) 
releases urushiol oil. It it Yew (Taxus) Fe 
makes contact with skin, it ‘, Hl | Highly poisonous 

can cause a painful rash. 1 taxane alkaloids can be 
Some people may have a } found in all but the flesh of the 
more severe reaction, bernes of this evergreen tree. 
leading to swelling of the Qnee ingested, there are 

face and throat. sometimes no symptoms until the 
victim collapses and cies, 
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010 YOU KNOW? Eye surgeons sometimes use tiny amounts of the toxin found in deadly nightshade to cilote potients’ pupils 





Cuckoopint 

(Arum 

) | a maculatum) 

Castor oil plant | i | This unusual-looking 
(Ricinus communis) he ee | plant contains calcium 
The seeds of this plant ! | fi oxalates, needle-shaped 
contain ricin, a toxic chemical | crystals that Cale 
that stops proteins being irritation and swelling 
made in cells. Once ingested, of the mouth and 
they can cause vomiting, throat, leading to 
diarrhoea, seizures and breathing difficulties 
eventually organ failure, and stomach pains. 


Wi False hellebore 
Monkshood _if : (Veratrum viride) 
(Aconitum) _ ies Also called Indian poke, all parts of 

/ _— the plant contain steroidal alkaloids, 
Which cause nausea and vomiting 
when eaten, It lowers blood pressure 
and slows heart rate. 


Simply brushing up against 
this plant can be 
dangerous, as the 
aconitine toxin it contains 
can be absorbed! 


through the skin. This ee Wy \ _ 
can cause paralysis ie * r ie = ie 


of the heart and 


- F 
BS — a 


Oleander (Nerium oleander) 
This omamental, evergreen shrub 
contains cardiac glycoside, which can 
prove fatal if ingested directly or if food 
has come into contact with the plant, and 
it can irritate the skin when touched. 
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a poisonous plants 


ale ’ f a F : vhen outdoors, it is always best to be cautious around Deadly nightshade 

dangerous ro : a Ties Ae lee] ees ees sa] a eee eee) crs ie (Atro a 

Se dil ' a 1 " , P a. Tepe pe ae lee a = 1G cae Tie ]0 a Ores ers em Soliadionma) 

tile ie . r -. or became unwell after touching or ingesting a plant, lts ripe berries. may look 

Le Se Leese eee eee prs | es ees) oes ec ee) appetising, but eating just 

bial geese me ORO pM cee eel aes ele two is enough to killa 
determine the best cause of treatment. For many child. The plant contains 
ooMsonous plants, there is no antidote available, but i tropane alkaloids, which 
caugnt early enough, the symptoms can usually phe cause hallucinations and 
gree eee Leesan le ee eee eee] eee esse bee attack the nervous system, 
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rom leaves to bark and everything in 

between, every inch of woodland is 

useful to one critter or another. Large 
populations of trees create many varied 
habitats, from pine forests to wet woodlands, 
each with different ecological properties anda 
unique wildlife population. 

Insummer, when a tree's leaves are in full 
bloom, the dense foliage of the woodland 
canopy absorbs the Sun's energy, providing 
shade and regulating the woodland’s climate. 
Similarly, in the winter months, the dense 
network of leaves and branches are an 
effective barrier against pouring rainand 
howling wind, sheltering the animals within. 

Green leaves, buds, fruitand bark provide 
food for many animals, such as squirrels, deer 
and birds. Atree’s branches make handy 
perches for feasting upon, or a perfect vantage 
point to lie in wait for prey. Refuge is also found 
high up in the branches, safe from the clutches 
of forest-floor predators. 

Lines of trees can also connect different 
ecosystems together, providing green 
corridors for animals to cross between 
different habitats, maintaining the flow of food 
and nutrients throughout the countryside. 

The tree's structure itself provides plenty of 
nooks and crannies for wildlife to hide in. 
Birds build nests on branches or hollow out the 
bark, insects live on the underside of leaves, 
bats and dormice seek out tree cavities for 
refuge and burrowing critters weave 
throughout the roots. Even whena tree dies it’s 
useful; leaf litter creates a rich mix of nutrients 
on the forest floor for scavengers, and dead 
wood can support countless plants, insects 
and fungal species. 





I colder, ladybirds find a 
, Safe spot under tree 
\ 4 bark, huddle together 
and wait out the ys 










The big sleep 
Trees are never more useful to 
animals than when it comes to 

bedding down for the winter 


Bats 
Three quarters of British 

bat species roost in trees. 
~~ They need a cool, stable place 
to use for hibernation. 


When the 
weather gets 





J 





Hadgahods 
Between November 
and April, dry leaves in 

hollow trees make the perfect 

bed for a sleepy hedgehog, 





Badgers -Moths Bears Dormice 
Badgers live in & Depending on the These great beasts Found living in 
tunnel networks * time of year, moths will collect leaves, deciduous 


branches and brushes of 
trees to create a warm bed 
to curl up in, 


known as setts. Tree roots 
make these underground 
dens more stable, 


woodland, dormice make 
cosy nests to keep out of 
the winter chill. 


atid caterpillars can use 
branches for hibernating in 
large groups. 


DID YOU KNOW? It is estimated that all of the world's forests combined absorb 8.8 billion tons of carbon dioxide per year 


The world’s tallest trees 
























120rn 
Giant redwood, Sequoladendron a! z 
giganteum (California - tallest in = je" 
the world) 15m ya 
ae 
100m 
Pic maar od SE aie eee enone asin sss ean} cnnsbohinettshencatedessnsscasasngusacseas Big Ben 96m 
tal yal atin aed err hat nmin ceca nee wT CeeoceNAQeCeuueeea eee eC Cem YOU ENE COUE Cad eee Cee CEE EO ERAGE RENO ERENCE Statue of Liberty 93m | 
BOM De 
aw 
ee aTEEREgCae naar parennenre nae oearpren ncn Lorne nena eCea A aa sores Kore] te, ‘i FAP ye 
et Ae gs Eucalyptus ‘i 


diversicolor, Rui at 
(Portugal - tallest ga 
in Europe) 72m 


Coast Douglas fir, as 
Pseudotsuga menziesii “ * 
(Scotland - tallest in Lop 
the UK) 66m 









40m 
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The importance 
of trees 


The forest does far more for us humans than provide 
beautiful walks and firewood 





Giant redwoods 


Halehase i Reece ee oP 
humid climate of 
Meee da eee ce epi 






M8 rees are the lungs of our planet. Asa key climate change, the work of trees becomes all laden surface soil with it. This leaves land 

part of the carbon cycle, when trees the more prominent. It’s estimated that our barren and infertile —a disaster for agriculture 

photosynthesise to maketheirownfood, planet's trees absorb up to 40 per cent of the and those who depend on farming for their 
they take in carbon dioxide and convert it to carbon dioxide created by humans each year. livelihood. Flash floods wreak havocand 
release oxygen, storing the rest of the carbon When the trees are cut down, this carbon threaten human life, and have been directly 
that gets decomposed intothesoilwhenthetree storage is removed, but so is the tree’s ability to linked to the removal of trees across the world. 
dies. When a whole forest does this, the intake stabilise the earth and take up water. Downstream, the soil that has been removed by 
of CO_ is huge. With rising CO_ levels in our Deforestation creates a landscape where water floods is deposited as the flow peters out, and 
atmosphere being an important factor in flows uninterrupted, taking valuable, nutrient- canclogup dams and create further issues. 
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Take a closer look at the materials and | 
mechanisms cacti use to survive in the world’s 


harshest environments 






Spines 

Cacti do not have 
the leaves of standard 
plants, but thorny 
spines, These grow out of 
specialised structures 
(called areoles) on its body 
and help collect rainwater 
and moisture fromthe 
atmosphere. They also.act 
as a deterrent to herbivores. 


Roots 

Cacti roots are very 
shallowand havea 
wide-spreading radius to 
maximise water 
absorption. The salt 
concentration of cacti root 
cellsisrelatively high, 
aiding absorption speed. 
Larger cacti also lay down 


a deeper tap root for ‘ ae 
stability purposes. - 


acti are hardy, flowering plants in the 
caryophyllales order that have evolved to 
survive in some of the Earth's driest and 
most barren landscapes. This unceasing survival 
is achieved through the specialised tailoring of 
two main principles: form and function. 

First, all cacti have developed optimal forms for 
retention of internal water supplies (spheres and 
cylinders), combining the highest possible 
volume for storage with the lowest possible 
surface area for loss. This allows cacti to store vast 
quantities of water for elongated periods —for 
example, the species Carnegiea pipantea can 
absorb 3,000 litres ina mere ten days. This ability 
directly correlates to the typical weather patterns 
of Earth's barren, dry environments, where cacti 
are predominantly found, with little water being 
deposited for months on end, only fora short 
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“ layer of wax. These 














Tissue 

The main bulk of the 
cacti’s body comes in 
the form ota 
wWater-retentive 
tissue, atten in the 
optimal shape for 
storage ja sphere or 
cylinderi, Al the 
centre of the body 
tissue lies the stem, 
the main organ for 
food manufacturing 
and storage. 


Skin 

The skin ofa cactus is 
specially acapted to 

~ reduce the harsh effects of 
constant sunlight. [tis 
constructed from a tough 
and thick fibrous sheath 
and coated withathin 


factors, in conjunction 
with its optimal shape, 
aid water retention. 


monsoon to follow inthe rainy season. This 
optimal structural form also grants much-needed 
shadow for lower areas of the plant, shielding 
them from the harsh sunlight. 

Second, cacti have evolved unique 
mechanisms and adapted traditional plant 
functions to grow and thrive. Foremost among 
these changes are the cacti's spines, elongated 
spiky structures that grow out from its central 
body though areoles (cushion-like nodes). These 
actasa replacement for leaves, which would 
quickly die if exposed to high levels of sunlight 
and high temperatures, The spines havea 
membranous structure and can absorb moisture 
directly from the atmosphere jespecially 
important in foggy conditions) and also from 
deposited rainwater, capturing and absorbing 
droplets throughout the body's spiny matrix. In 
































addition, due to the lack of leaves, cacti have 
evolved so as to undertake photosynthesis 
directly within their large, woody stems, 
generating energy and processing stored water 
safely away from the intense sunlight. 

Finally, cacti have modified their root 
structures to remain standing stable inthe 
brittle, parched earth. Cacti roots are very 
Shallow compared with other succulents and are 
spread out ina wide radius just below the Earth’s 
crust. This, in partnership with an intense salt 
concentration, allows cacti to maximise their 
access to and absorbability speed of ground 
water, sucking it up before it evaporates or 
trickles down deeper into the Earth. For stability, 
many cacti also extenda main ‘tap root’ further 
into the Earth, in order to actas an anchor against 
high winds and interference from animals. 
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010 YOU KNOW? The first commercially cloned animal wos a cot, Little Nicky. Born in 2004, it cost its owner £30,000 ($50,000) 





How are plants cloned? 


Find out how we make identical copies of plants and what benefits this offers 


he process of cloning plants has been 

used in agriculture for centuries, as 

communities split roots and took 
cuttings to efficiently create multiple plants. 

Taking a cutting from near the top ofa plant, 
placing it in moist soil and covering it will 
enable a new offspring to grow with the same 
genetic code as the parent from which it was 
taken. This method of cloning is very easy to 
do and is common among casual gardeners 
and industrial farmers alike. However, in more 
recent years the cloning of plants has made 
its way into the laboratory. 

Responsible for that shiftis German 
physiologist Gottlieb Haberlandt who was the 
first to isolate a plant cell and then try to grow 
an exact replica of the parent. His attempt 
ultimately failed, but the experiment showed 
enough promise to convince others to follow in 
his footsteps. The likes of Hannig inigo4and 
Kolte and Robbins in 1922 ran successful 
experiments in which they also cultured plant 
tissue to create new versions. 

The main benefit of cloning flora is that 
growers are able to guarantee disease-free 


Plant duplication guide 
Discover how plants can be cloned in the 
lab through the process of cell separation 


Sample taken 
Tissue is scraped from 
the root of the plant. 


Separation 
The cells are separated 


Cells 


oO 


. transform 

Placed ina dish with 

~ futrients, cells turn 
into undifferentiated 

callus tissue, which 

can be cultured into 

- , new plants with 

growth hormones. 







New digs 
A plantlet grows its own 
roots and is repotted. 


out under a microscope, 


plants by cultivating cells from strong and 
healthy ones, leading to higherand more 
reliable crop yields. By taking cuttings from 
proven strains, a farmer can be sure his next 
generation of cropsis equally successful. 

Back inside the lab, the development of 
cloning through cultivating plant tissue allows 
for many plant species to even be adapted and 
improved upon. However this genetic 
modification remains a controversial topic to 
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many people, as some experts argue we can't 
predict what the consequences of this human 
interference will be, 

Plant cloning can be as basic as snipping off 
astem froma begonia or as complex as 
erowing a tomato plantina solution of 
inorganic salts and yeast extract, but 
nevertheless the process by which you can 
create two plants out of one remains a triumph 
of natural science. 


What about animals? 


Most of us are aware of Dolly the sheep, the first 
animal cloned from an adult cell, but artificial 
cloning dates back to the late-19th century. Hans 
Dreisch created two sea urchins by separating two 
urchin embryo cells from which two offspring grew, 
proving that DNA is not lost through separation. 
The next big development came in 1952 whena 
frog embryo was cloned by inserting the nucleus 
from a tadpole's embryo cell into an unfertilised 
frog egg cell. But the creation of Dally in 1996, 
cloned using a mammary cell fram an adult sheep, 
led to hopes that one day we might be claned as 
well, There's still a while until a human can be 
replicated, but Dolly represented a huge leap 
forward in terms of cloning possibilities, 
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How do plants 


grow towards light? |... 


A hormone makes sure the plant has 
enough sunlight to survive 


lants depend on a process called 
photosynthesis to make their own food. 
This process converts water from the soil 
and carbon dioxide in the air into oxygen and 
glucose (sugar). Sunlightis crucial for this 





chemical change and without it, green plants are 
unable to survive. 

Plant cells contain a protein called 
phototropin, which is activated when it absorbs 
the blue wavelength of light. This leads to an 
uneven distribution of the hormone auxin (which 
regulates growth) in the stem. The exact 
mechanisms behind this process are not fully 


Cell 
elongation 
Auxin encourages 
plant cells to grow 
in size by softening 
their cell walls and 
taking in more 
Water by asimosis, 
This in turn 
elongates the 
shaded side. 


understood, but one theory is that sunlight 
destroys or inhibits auxin so the hormone levels 
on the Sun-facing side reduce. Another theory is 
that auxin molecules are able to move from cell to 
cell across the stem, away from the area where 
light was detected by the phototropins. Auxin 
causes cells to enlarge, so the shaded side of the 
stem — which contains higher levels of the 
hormone — elongates, forcing the plant to bend 
towards the light asa result. 

Sunflowers take their quest for sunlight to the 
extreme. These plants follow the Sun throughout 
the day, physically rotating their leaves and 
flowers to make the most of the available light. At 
night they then unwind, returning to their 
starting position ready for sunrise. No one knows 
why the flowers follow the Sun as well as the 
leaves, althouch it’s thought the extra heat may 
help to grow more seeds. 


Ciller 
plants 


Not satisfied 






with making 
) 5 Drosera Venus flytrap 
food through There are over 100 species  Whenan insect or 
Sak | - of drosera, which are arachnid steps on more 
photosy nthesi 5, commonly known as than one of the tiny hairs 
ece five ‘sundews' as they appear of the plant's jaws, it 
these e to be constantly coveredin ‘triggers a violent reaction. 
CarnlvOorous dew. These tiny droplets The hinged mouth snaps 
og are actually sticky down, trapping the prey 
plants capture, enzymes that trap and inside the plant. Digestive 
leill and eat start to digest prey as enzymes are secreted and 
ie | soon as it lands on the it can be several days until 
living prey plants’ leaves. the plant re-opens. 


062 


Phototropism 


With the help of the hormone auxin, plants 
can get as much light as possible 






Nepenthes 


These plants lure insects, 


and sometimes even rats, 
into their cup-like pitchers 
with an attractive scent. 
Once trapped, the prey 
drowns in the liquid within 
the pitcher and is broken 
down by digestive juices, 
allowing the plant to 
absorb the vital nutrients it 
needs to survive. 
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Auxin 

Auxin is a hormone that 
requiates plant growth. 
The shaded side of the 
plant contains more auxin 
than the sunlit side. 


Sunlight 


Bent shape 

The increased growth of 
one side of the shoot 
causes it to bend toward 
the light source, 


Slow growth rate 


The cells on the sunlit side 


contain lower levels of 
auxin, 50 this part of the 
shoot does not lengthen 
much in comparison. 





Pinguicula 


This plant catches prey 


using sticky leaves. The 
tacky substance is actually 
full of digestive enzymes, 
which break down the 
insects once they become 
trapped. When winter 
arrives, some species of 
Pinguicula become quite 
dormant and cease their 
carnivorous activities. 





Sarracenia 

Like nepenthes, sarracenia 
is a pitcher plant. Insects 
are attracted to its colours 
and sweet scent, As they 
land at the edge of the 
pitcher, they often fall in, 
since the edge is very 
slippery. Once inside, there 
is no escape due to the 
smooth, steep sides of 

the pitcher. 
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OID YOU KNOW? Ancient Ethiopions ore credited as first recognising the energising effect of the coffee plant 



















































olfee production starts 

with the plantation ofa species 
of coffee plant, such as the 
arabica species. Plants are evenly 
spaced ata set distance to ensure 
optimal growing conditions (access to 
light, access to soil nutrients, space to 
expand). Roughly four years after 
planting, the coffee plant flowers. 
These flowers last justa couple of days, 
but signal the start ofthe plant's 
berry-growing process. 

Roughly eight months after flowering, 
the plant's berries ripen. Thisis 
indicated by the change in shade, 
beginning a dark-green colour before 
changing through yellow toa dark-red. 
Once dark-red, the berries are then 
harvested by strip picking or selective 
picking. The former isan often 
mechanised technique where an entire 
crop is harvested at once, regardless of 
being fully ripe or not. By doing this, the 
producer can quickly and cheaply strip 
a plantation butat the expense of overall 
bean quality. The latter technique is 
more labour-intensive, where worlers 
handpick only fully ripe berries over 
consecutive weeks, This method is 
slowerand more costly, butallowsa 





greater degree of accuracy and delivers 
amore consistentand quality crop. 

Once the berries have been 
harvested, the bean acquisitionand 
milling process begins. Processing 
comes in two main forms, wet and dry. 
The dry method 1s the oldest and most 
predominant worldwide, accounting for 
95 per cent ofarabica coffee. This 
involves cleaning the berries whole of 
twigs, dirtand debris, before spreading 
them out ona large concrete or brick 
patio for dryingin the sun. The berries 
are turned by hand every day, to prevent 
mildew and ensurean evendry, The 
drying process takes up to four weeks, 
and the dried berry isthen sentto 
milling for hulling and polishing. 

The wet method undertakes hulling 
first, with the beans removed from the 
berries before the drying process. This 


From seed to a steaming hot cup of tasty beverage, 
we explain how coliee | is mn exNL and Cultivated 





Leaves 
Coffee plants usually 
havea dense foliage. 

When cultivated, density 


is controlled to prevent 
damage to its crop. The plants usually stand 
3m (9-2010} tall. Soil 

Flowers nutrients are absorbed 
Two to four years after and distributed via 
planting, the arabica species thestem. 
of plant produces small, 
white, fragrant flowers, 

is undertaken by throwing the berries These last afew daysand 

into large tanks of water, where theyare !8na!thegrowth 
of berries. 


forced through a mesh mechanically. 
The remainder ofany pulp is removed 
through a fermentation process. As with 
the dry method, the beans are then 
spread out ona patio fordrying. 

The final stage is milling. Thisisa 
series of four processes to improve the 


Each plant can 







' produce o.5-5ke 
texture, appearance, weightandoverall  (a-nlbsjofdried | 
uality.Beansthathavebeenprepared eans. Thebeans SA 
quaiey P P inside the berries | 7 Berries 
the dry way are firstsent for hulling to arethen removed Berries growin 
remove the remaining pulp and and treated clusters around the 
| - 7 _— before roasting. * stem. They startoffa 
parchmentskin, Next, the beans are dark-preen shade, 
sent for polishing. Thisisan optional turning yellow, 
oe sil . light-red and 
process, n which the beansare | finally dark, 
mechanically buffed to improve their glossy red. They 
appearance and eliminate any chaff am erin 
: : ' 7: eT | 
produced during preparation. Third, the riarh ic 


beans are sent through a battery of final shade. 
machines that sortthem by size and 
density (larger, heavier beans produce 
better flavour than smaller and lighter 
ones). Finally the beans are graded, a 
process of categorising beans onthe 
basis of every aspect of their production. 





Anatomy of a Endosperm 
: ea , 3 é Tissue produced inside theseed 
coffee us provides nutrition in the form of 

, , oy! starch and contains oils and proteins. 
Epidermis Ey 
Athin protective layer that a | 
covers the coffee seed. Filled with oll glands and plements, 


3 ee this is the outer protective skin. 
The inner layer of the berry, the 4 ™ 
endocarpis membranousand 
surrounds the epidermis. “= . 


Pectin consists ofa set ofacids 
and are present in most primary 


cell walls. [t helps to bind cells. e ty 

ee 
' : 4" : | | - ca a ; : i a = a : a eo B 
The pulp of the coffee berry. MUU Tee Td Tec Sessa ta lie) 
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Surviving extreme Earth 
Explore our planet's wildest | 
environments and make it out alive 


Waterfall wonders | 
What natural forces create these 
stunning water features 


Antarctica explored 
Earth’s caldest, windiest, highest and 
driest continent 


China’s rainbow mountains 
How did these colourful structures in 
Zhangye Danxia form? 


 Glacierpower — 
Gigantic rivers of slowly moving ice 


Wonders of Yellowstone Park 
The USA’s most incredible park 


_ Extreme oceans 
Counting down the deepest, 
deadliest and stormiest 
environments on Earth 
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world's coolest continent — ou ee it: 
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EARTH SLANDSCAPES 
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Roold Amundsen beot Robert Scott to the South Pole by 34 doys, despite Scott beginning eight weeks eorlier 





The skills you need to journey into the 
wilderness and get out again alive 


lormany of us, the toughest conditions 
we'd ever have to face would probably be 
VU ANOr A Mime eT ee Dt m ete Oe ec 

However, outside of the urban sprawl there are 





some places on Earth that aren't so hospitable 
to humans. While mankind has successfully 
populated large areas of the planet's land 

Gh Meme eee Dece OPI MOI DIL etme a vee 
wouldn't dare to venture unless you really 

SU ARMIN Re meh emt eel enema te) he 
horribly lost. 

History is littered with people who have 
faced the biggest tests this planet has to offer, 
whether deliberately or accidentally, and lived 
TOMUMAeR es COTE T AL Pek eR POR Mane) 
frozen wastes or scorching plains. Even the 
best-prepared adventurers can come unstuck 
in the face of the amazing force of nature. 

Over the next few pages we trek across 
deserts in search of water, dredge through 
jungles and scale icy mountains to uncover the 
dangers you're likely to come up against. Find 
out the equipment and skills needed to survive 
some of the most mind-boggling environments, 
its CemReeHNNW Ls esLGURGee est OMOLNTHI NII em Hebe 
OTH OER ec TAM csr tM Olucrc IM ete: Aan et ec] 8 lar cre bes PETE 
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into the next Ranulph Fiennes, but it will 

hopefully give you a fighting chance should you 
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_ aa PF See . ae in the middle of the Sahara. 
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: Earth's north and south extremities 

<2. areamongthe most inhospitable 
——_ places on the planet. Eveninthe 
summer, temperatures are freezing and winds 
can reach up to 327 kilometres (200 miles) per 
hour, so it’s no wonder the cold is the biggest 
killer here. [f you're trekking across snowy 
wastes, better pack your thermals. Shrug on 
multiple layers of breathable fleeces and keep 
them dry. Any water will instantly freeze, as 
will any exposed flesh. Even nose hairs and 
eyelashes start icing over in minutes, so 
covering up is key. 

Your body willrespond quickly to the heat 
loss by tightening blood vessels near your skin. 
This is the reason we look paler when we're cold 
and why our fingers and toes become numb. 
Meanwhile, your muscles will start moving 
involuntarily, causing you to shiver. It can boost 
heat production by up to five times, but that uses 
up alot of energy so you'll need to keep eating 
and drinking. Consume six to eight litres (10.6 to 
14 pints) of water every day and around 6,000 
calories, three times the typical recommended 
daily allowance, You can get this by melting 
butter into your food or munching on chocolate 
and bacon, soit's not all bad! 

Aword of warning, though: keep your eyes 
peeled. Hunery polar bears, particularly those 
with cubs to feed, can be very aggressive and 
they are masters of disguise. Flares and loud 
noises will often be enough to scare them away, 
but it’s nota guarantee, You'll also need to watch 
your step as you go, as slipping througha crack 
in the ice cansend you plummeting into the 
freezing cold ocean. It's generally safe to walk 
on white ice, but grey ice is only ten to 15 
centimetres (four to six inches) thick and prone 
to cracking under pressure, while black ice is to 
be avoided atall costs since it will have only just 
formed. Tread very carefully, stay wrapped up 
and keep on the move if you want to have any 
hope of survival. 


Amazing animal 


The arctic fox is an incredible little animal, well 
adapted to living in one of the harshest 
environments on Earth. Its furry feet and short 
ears are ideally suited to conserving heat in the 
unforgiving, freezing environment. Its coat is also 
adaptable; while its habitat is snowy its fur is 
brilliant white, hiding it fram both prey and 
predators. However, as the ice melts, its coat 
turns brown or grey to hide among the rocks of 
the region. The arctic fox is an omnivore, feasting 
on rodents, fish and birds, but it will also eat 
vegetation when meat is difficult to find. 
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How to stay alive when you're freezing to death 





Polar bears are the we 
Arctic’s deadliest hunters . ¢ 
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move can plunge you 
Into icy Waters 


Life-saving kit 


A rundown of what to wear to stay warm 


Hat 

A hat with ear flaps that 
covers the head and neck 
is vital. A strap to secure it 
on the head will be useful 
in high winds. 


Thermal shirt j 
Your base layer shouldbea | 
thin, thermal insulating top | | 
that wicks any sweat away 
from your body. 


Jacket 

Your jacket will need to be 
both wind and waterproof 
to keep you dry and warm. 
Wrist holes in the cuffs 
keep it secured. 


Boots 

Warmth is vital - literally 

- 50 fleece-packed boots 
are good, Straps are better 
than laces but don't fasten 
them so tight it cuts off 
the blood supply. 
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Goggles 

The best goggles have a 
photochromic lens to help 
Ward off glare from the ice 
and make sure you see 
cracks and holes. 


Balaclava 

You'll need to cover up as 
much as possible, 50a 
woollen balaclava will keep 
the most heat in. 


Mittens 


Although gloves offer more 


| dexterity with actions, 
| mittens are better as they 


keep your fingers together 
and much warmer. 


Trousers 

Waterproof and windproof 
trousers are a must. Make 
sure they are also 
breathable, however, as 
you don't want your legs to 
become sweaty and lose 
valuable fluid, 


O10 YOU KNOW? USA, Russio, Nonwoy, Conodo ond Denmark oll lay claim to territory in the Arctic, but none ore allowed to own it 

















































Survive the night 


Build an igloo for protection 


Whee 








Find your spot 
The first trick to making your igloo is to build it on the 
side of a slope, This will mean less building for you to da, 
Dig a trench in the snow around 0.6m (2ft} deep. Get in 
and slice out blocks of packed ice from either side of the 
trench to ensure they are nice and uniform. 





Ice fishing 

Make a hole in the ice with an auger - a kind of 
drill that bores large holes, The ice you bore on 
should be light grey and about 15 centimetres (six 
inches) deep. Produce a hole approximately 0.5 
metres (1.5 feet) in diameter. Set up your chair 
one metre (three feet) away from the hole and 
hold your rod over the top of it, with the line 
dangling in the water. The rod should only be 
about a metre (three feet) long and made of a 
sturdy material. Drop the baited line down around 
two metres (seven feet) and wait for a bite. Reel it 
in and keep it chilled before cooking! 


! e 
This simple too! can 
find you a life-saving 
source af food 


' ANTARCTICA’S ICE ACCOUNTS 
FOR 70 PER CENT OF THE WORLO'S 
FRESH WATER 
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Dig yourself in 

Dig another trench into the side of the hill. It should be 
about 0.5 metres (1.6 feet) wide. This is the entrance 
trench. Leave a gap and dig another hole, but don't make 
it as deep as the entrance trench. This is your sleeping 
chamber, 50 make sure you fit init! 


Construct the walls 

Stack the ice blocks in a circle around the sleeping trench, 
leaving a gap around the entrance trench, Over the 
entrance trench, stack the blocks in a semicircle. Make 
the entrance tunnel as small as possible to minimise heat 
loss. Rub water over the blocks to fuse them together. 
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- Get out alive 


Uncovering the dangers that lurk beneath the canopy of trees 


Few places on Earth house quiteas 
@ many things that can killyouinso 
to poisonous frogs, berries to rivers, anyone 
Walking through the jungle needs to have their 
wits about them at all times. 

The most obvious threat will come from big 
animals like tigers and jaguars that inhabit the 
jungles of India and the rainforests of South 
America respectively. Your best bet for evading 
these huge predators is to stand still and hope 
you weren't seen, or runand hide. If you are 
spotted, make yourselfas big as possible and 
shout loudly as this will surprise and 
intimidate them. 

Don't be fooled into thinking the smaller 
critters pose less ofa threat, though. Many can 


many ways as the jungle. From snakes 


Tigers in the jungles of 
India are deadly Biase Lele 
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be deadlier than the big cats. The golden poison 
dart frog is particularly lethal to humans, as it 
has enough poison to kill ten adults, The poison 
is held in their skin, so eating or even touching 
one could have disastrous consequences. Add 
in the dangers of snakes, mosquitos, piranhas, 
crocodiles and bears, the jungle is nota place 
for the faint of heart. Take plenty of DEET-based 
insect repellent and make lots of noise as you 
travel so as to ward off creatures that would 
attack you out of fear or surprise. 

While on your travels, be on the lookout for 
your next meal. On the menu will be fruit, 
plants, insects and fish, but you'll needa book 
to help weed out the edible [rom the poisonous. 
Avoid anything that’s brightly coloured, 
because this is often an evolved defence 


mechanism to warn against eating that 
particular plant. 

But while it’s possible to survive for about 60 
days without food in warm conditions, you'll 
last less than 72 hours without water. Always 
ensure you have a filtration device or water 
purilication tablets to make the water safe, or 
catch rain before it has hit the ground to 
prevent catching diseases like cholera. 

Although there are a multitude of things that 
can kill youin the jungle, being clued up on 
what you can and can't eatand how to avoid 
predator attacks will help enormously. If you're 


lostand ready to scream “Get me out of here!” 
then following water will take you out of the 
jungle to the end of the waterway. Ant and Dec 
almost certainly won't be there to meet you. 
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Amazing 

animal 

Bonobo monkeys are 

found in the jungles of the 

DR Congo and are one of our 

closest relatives. They share 

over 98 per cent of our DNA and have an 
astonishing ability to mimic human behaviour, 
including using tools and solving problems. 

They have adapted superbly to life in the 
jungle, surviving on a varied diet of fruit, plant life 
small rodents, insects, and even soil. This 
flexibility means they will never qo hungry. 

They are extremely social animals, living 
together in groups of up to 100. The females 
move fram group to group to prevent inbreeding 
and the males stay in their social groups for life. 





O10 YOU KNOW? Earth's lorgest rodent, the copyborag, lives in South Americon jungles ond con weigh os much as on adult human 
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Avoid man-eating predators 


Three steps to remaining undetected in the jungle 


Cover your tracks 

Predators like big cats are excellent trackers and they'll 
be keen to find you, especially if it's dinnertime. Walking 
in water will stop physical evidence of your movements, 
giving you a better chance of going undetected. 
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Jungle protection 


The clothes and kit to keep you hidden, cool and safe 


Sunglasses 

The sunlight can be 
incredibly strong so you'll 
need some sunglasses 
with UV filters. 


mo 


Long sleeve shirt 
A light, breathable fabric 
Will Keep you cool, But 
make it bagqy so 
mosquitos can't get to 


nan Poncho place it on your tongue. Again, if it begins to feel 
Sudden downpours are painful or look bad, spit it out and wash your 
Bug spray sb racine jungle and mouth thoroughly. Remember though, tasting 


Mosquitos carry a huge 
array of diseases, not least 
malaria, so 100 per cent 
DEET spray is vital. 


LifeStraw 

This device really could 
save your life. The filter 
inside the straw wipes out 
99,99 per cent of bacteria 
in dirty water. 


Trousers 

Length is key here. You 
can't let your ankles get 
exposed because that's 
Where mosquitos 
especially love to bite. 








Camouflage 

Hide yourself as you walk through the jungle using 
camouflage. Ifyou don't have a specific outtit, coat 
yourself with mud and attaching leaves and foliage to your 
body will make you less likely to be spotted. 





Hat 

A large brimmed hat will 
protect you from bugs 
falling from the trees and 
keep you relatively hidden 
from animals above you. 





Backpack 

You'll need your hands free 
so a backpack is crucial. It 
needs to be waterproof, 
blend in with the 
environment and be 
comfortable, 


rainforest life, so a 
lightweight, quick-drying 
ponche is useful, 


Machete 

The jungle is a tough 
landscape to negotiate, so 
a large knife or machete 
will help you work your 
way through the thick and 
difficult undergrowth, 


Boots 

Your shoes don't want to 
be too thick and heavy 
because they'll wear you 
down. Sturdy trainers or 
Wellington boots will 
surprisingly be enough. 





Cover your scent 

Jackets lined with charcoal are excellent for preventing 
your natural odours from escaping into the environment. 
Otherwise, cover yourself in things like mud and strong 
smelling plants to mask your scent. 


The edibility test 

lf you aren't a trained botanist, you might 
struggle to identify which plants are safe to eat. 
That's where the universal edibility test comes 
into play. Eat nothing and drink only water for 
eight hours before the test. 

Your first task is to split up the plant you are 
testing into its individual components, such as 
the stem, root, leaf, flower and bud. Crush each 
part of the plant and, one-by-one, rub them on 
your skin to see if you have a bad reaction to it. If 
your skin blisters or forms a rash, it’s unlikely to 
be good to eat. 

If it's qood, the next stage is to boil the plant, if 
possible. Hold the plant on your lip for a few 
minutes, removing instantly if it begins to burn. 
Finally, if the plant has passed the test so far, 


bad isn't the same as being poisonous! 

Chew it for around 15 minutes and, if all still 
feels good, swallow it. Don't eat anything else for 
eight hours and see if you have any bad reaction 
to what you've eaten. If you're good, you've found 
a potentially life-saving food source! 
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Escape scorching heat 


How to survive the extreme temperatures of the desert 


bitterly cold no matter what time of 

day itis, one of the major challenges in 
surviving the desert is dealing with the 
ridiculous changes in temperature. In the 
midday Sun, the mercury can reach as highas 
50 degrees Celsius (122 degrees Fahrenheit) in 
the Sahara, but drop to below freezing by night. 
Your best bet is to wear a loose-fitting robe. This 
will let air circulate around the body and you 
won't get nearly as hot and sticky. At night, 
when the temperature plummets, you can wrap 
it around you for warmth. 

[tis vital that you protect your head. If you 
think a touch of sunburn from staying by the 
pool on holiday is bad, that’s nothing compared 
to the effects of walking all day in the parched 
desert. Even ifit means burning another part of 
your body, wrap something around your head 
and neck so you don’t succumb to sunstroke, 
which can lead to hallucinations and fainting. 

Other dangers in the desert will mostly come 
from scorpions. They hide in the sand and 


Desert dress 


p While the polar regions are always 


deliver a sting with their tail that can paralyse 
and eventually kill. Sturdy boots will protect 
you from these creepy crawlies, as well as make 
travelling over sand much easier. While they 
don't make great pets, scorpions do providea 
crucial source of nutrition. Picking them up by 
the tail just behind the stinger is the safest 
method and it will give you vital protein for 
your journey. Just don't eat the tail. 

In the desert, you'll need to adjust your body 
clock. Aim to shelter during the day and travel 
at night. This has the dual benefit of avoiding 
the scorching sun and keeping you active 
during the freezing night. Italso means you can 
keep on the right track easily by following the 
stars, hopefully leading to civilisation. 

Shelter can come in the form of large rocks or 
cliffs. Alternatively, you can dig a trench down 
into the cooler sand and use clothing or some 
other material you have available to forma 
canopy over the top, secured by rocks orsand. 
Aslongasitisatan angle and not touching you, 
you'll be protected from the Sun’s glare. 


The essentials to surviving in the hottest places on Earth 


Headwear 


lf you don’t have any 


headwear, you could 
suffer with | 


heatstroke, 50 
protect your face 
and neck, 


Sleeping bag 

A brightly coloured 
blanket will be useful 
as it would enable any 
search party to find 
you, will keep you 
protected in the day 
and warm at night. 


Sun cream 

The baking 
temperatures will 
burn you in no time 
at all, soa high 
factor sun cream will 
provide at least 
some protection. 
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Sunglasses 

The desert throws up an 
aw Tul lot of sand and glare, 
so sunglasses will be 
absolutely vital, 


‘or 


Water bottle 

This will be your greatest 
friend. Take small, regular 
sips and if you ever find a 
Water source, fill it up as 
much as possible, 


Shirt 

Your clothes will need to 
be as loose fitting as 
possible to minimise 
sweating and dehydration. 


Footwear 

Even though you'll be 
desperate for sandals, 
trainers or walking boots 
will give you grip and 
necessary protection. 





Amazing 
animal 


The camel is known as 
the ship of the desert, as 
this remarkable creature 
can travel without food or 
water for along time. 

Domesticated 3,000 years 
ago, camels have been an 
invaluable help to thase who make their 
livelihood travelling the desert. They can carry 
90kg (200lb) on their backs effortlessly and can 
travel up ta 32km (20 mi) a day, with the added 
bonus of being able to last for at least a week 
without water and months without food, 

Camels store fat in their hump to use as a 
food source and consume 145] (32g) of water in 
one go, which they also store for later use. They 
have adapted wonderfully to the desert, 
developing a membrane across the eye and 
extra-long eyelashes to counteract sand storms. = 
Their feet also are incredibly well protected with § a 
calluses and spread out for walking on sand, 
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Finding your 

way around 

The desert is not only barren and featureless, but it 
is also a moving entity. Therefore, finding your way 
around is tough. The easiest way to find your way 
around is with a compass, but if that isn't available, 
travel at night and use Polaris, the North Star, as 
your makeshift compass. 

Even though they are always shifting, sand dunes 
can also provide useful navigation hints. They 
always build up at 90 degrees to the direction of 
the wind, as the wind pushes sand upward to form 
them, so even when there's no wind, if you know 
the wind is northerly, the dunes will qo east to west 
and you can use that information to navigate. 

lf you are lucky enough to have any landmarks, 
try and make a straight path between them so you 
know you are going ina straight line. 


Controry to populor belief, drinking cactus woter won't quench your thirst but moke you very ill 
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The plunging temperatures 
can leave you freezing cold 
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Fight extreme thirst 


Locate the desert’s most precious resource 







Follow the wildlife 


There are a number of birds and land animals that live in 


the desert and they all need water, Try and follow them 
wherever possible and hopefully they should lead you to a 
Water source, 





Shady cliffs 

In your quest for precious shade, you might also be lucky 
enough to find water. Dips and ridges that face north 
could be housing puddles and pools in their shaded, 
cooler spots. 
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Grass is always greener 
Piant life and vegetation means there is water around 
somewhere. Head down into valleys where there is plenty 
of greenery and even if there isn't a spring or pool around, 
Vou Should be able to extract water from leaves or roots. 








70.7°C (159.3°F) 
Hottest temperature 
ever recorded (Lut 
Desert, Iran) 


a 


58°C (136.4°F) 
Hottest Saharan 

temperature (Sahara 
Desert, North Africa) 








56.7°C (134°F) 

Hottest directly 

recorded temperature 

(Death Valley, Arizona) 
| | 


34,4°C (94°F) 
Hottest average yearly 
temperature (Afar 
Depression, Ethiopia) 


26°C (78.8°F) 
Hottest average 


temperature in Europe 
(Seville, Spain) 


~|IF 
0°C (32°F) 


Night temperature in 
the Saharan Desert 

















-20°C (-4°F) 
Coldest average 
desert temperature 
(McMurdo Dry 
Valleys, Antarctica) 


-89.2°C (-128.6°F) 


Coldest directly 
recorded desert 
temperature (Vostok 
Station, Antarctica) 


Vr 
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Battle life-threatening altitude 


How to cross the world's most treacherous terrain 


Mountains are the ultimate test of 

survival. They're prone to rapid 
, changes in weather and it's near 
impossible to predict. Evenifthe base is warm 
and sunny, by the time you reach the summit, 
low cloud can blind you, rain can make the 
terrain slippery and the cold can freeze you. 

Good preparation is essential and you'll need 
alot of kit. Pack a rucksack with a map, 
compass anda flashlight or headtorch, along 
with a brightly coloured emergency blanket, 
and dress inthermals and waterproof and 
windproof clothing. You'll also need ta keep 
well hydrated. A lack of fluid at high altitude 
will result in dizziness, intense headaches and 
even frostbite, If you don't have any water to 
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Amazing animal 


The mountain goat is amazingly adapted to life on 
the mountainside. Their hooves are curved and 
flexible to provide them more grip and traction on 
the treacherous slopes. Despite looking spindly and 
thin, their legs are actually very strong and they 
can leap surprisingly large distances. 

They have two coats, a warm, woolly undercoat 
and a thinner but longer overcoat, which keeps the 
insulating undercoat dry, This system is how they 
can stand the cold temperatures long after bigger 
animals have given up and descended down the 
mountain in cold weather. 





Mountain gear 
What you need to brave the 
harsh, mountainous environment 


Beanie 

A tight-fitting hat will keep lots 
of heat in as well as not being 
likely to fly away! 


Mittens 

Although it would be useful to have 
fingers available for gripping ledges, it's 
more important to have your fingers 
warming each other. 





Rope 

A strong and sturdy rope will help you 
protect yourself while asleep and also 
aid you in climbing or negotiating 
dangerous paths. 


Trousers 

You need to keep dry and have rtems 
accessible, 50 a pair of waterproof 
trousers with zipped pockets will be the 
most useful. 


O74 








hand, try tofind a stream or melt some snow or 
ice to drink. 

The altitude isa real issue for many 
mountaineers. As you climb higher, the air 
pressure reduces, meaning there is less oxygen 
for you to breathe. This lack of oxygen will 
cause your brain to reduce activity in all but the 
most important organs, making your limbs 
heavy and head dizzy. The most important 
thing to dois rest and re-oxygenate your body. 

If youare trying to escape the mountain, the 
best way is to head downward, but this isn't 
always possible. Mountains have complicated 
structures and often there isn‘tan easy path 
down. If possible, put markers along your route 
to show where you have already been, to avoid 







GoPres are a 
great way to 
record your 
adventure 
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walkingin circles. As wellas being potentially 
confusing, mountains also hide dangerous 
crevices. Keep your eyes peeled for breaks in 
the snow or ice and if you are ever unsure, try to 
find rocks or stones to throw in front of you that 
could give away a hidden abyss. 

If the visibility does become too poor, the 
safest thing might be to bed down. Finda spot 
out of the wind and protected from any snow or 
rainfall, like a cave or overhanging cliff. Even 
though it might sound strange, pack your 
surroundings with snow, because it does have 
insulating properties. Pile yourself with as 
many layers as possible and this should provide 
the warmth so you can make it through the 
night and try to find your way outin the light. 


Keep a record 


It's always handy to have a visual record of your 
travel by using a video recorder like the Hero3+ 
from GoPro. This carmeorder is incredibly robust, 
lightweight and waterproof. It can also be attached 
onto helmets or bags, leaving your hands free to 
scale the treacherous mountainside, 

Using a GoPro camera will also be useful as, once 
you get off the mountain to safety, you and a 
professional will be able to look over the footage, 
determine what went wrong and see how you could 
avoid getting stuck in the same situation again. The 


Herost is available at WW w..camerajungle.co.uk, 


Headlight 

A powerful headlight will be essential for 
finding your way around in darkness 
without wasting a hand on a torch, 


Coat 

Lightweight is key here because you don't 
want to be weighed down. Bright colours 
will also make you visible to rescuers. 


T-shirt 

A tight-fitting T-shirt made of 
breathable material will keep body 
heat in without making you sweat. 


Flare 

If you can send up a flare, do so at 
night. Not only will it attract the 
attention of rescuers, it might 
ward off predators. 


Boots 

A high-legged boot will keep the worst of 
the snow and water out, while the sole will 
need to be rugged and have tons of grip. 








010 YOU KNOW? The tollest volcono Is Mouno Keo, os it starts 6,000m [19,68sft] below seo level, moking tt 10,205m [33,48oft] toll 


Keep the fire burning 
How to warm up on the mountainside 


Find some wood 

You'll want a variety of wood, from small sticks and twigs, 
all the way up to sizeable branches and logs. The smaller 
bits will light much more quickly while the bigger pieces 
will burn longer, hotter and form the bulk of the blaze. 


The weather can turn in an 
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prepared for anything 
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Build your base 

Dig a small pit in the ground. Surround it with stones sa 
the fire doesn't get out of control, Place the smallest bits 
of wood at the bottom of the pile, but leave some gaps to 
keep the fire supplied with the oxygen it needs to burn. 
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Light the fire 

Place the larger branches and logs at an upwards angle, 
allowing the air to circulate and ensuring all the wood is 
getting burned evenly. Make sure everything is connected 
so fire can transfer from one piece of wood to another. 
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> § EARTH'S LANDSCAPES 


ig waterfalls are among the most 
spectacular geological features on 
Earth. The thundering waters of 
Niagara Falls can fillan Olympic-sized pool 
every second. Visitors are drenched with spray 
and deafened by volumes reaching 100 
decibels, equivalent to a rock concert. 

A waterfall is simply a river or stream 
flowing down a cliff or rock steps. They 
commonly form when rivers flow downhill 
from hard to softer bedrock. The weak rock 
erodes faster, steepening the slope untila 
waterfall forms. The [guazu Falls on the 





Argentina-Brazil border, for example, tumble 
over three layers of old resistant lava onto soft 
sedimentary rocks. 

Any process that increases the gradient can 
penerate waterfalls. A1999 earthquake in 
Taiwan thrust up rock slabs along a faultin the 
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Earth’s crust, creating sharp drops along 
several rivers in the area. Aseries of new 
waterfalls appeared in minutes, some up to 
seven metres (23 feet) high—-tallerthana 
double-decker bus. 

Many waterfalls were created by rivers of ice 
during past ice ages. These glaciers deepened 
big valleys, such as Milford Sound in New 
Zealand. The ice melted and shallow 
tributaries were left hanging’ high above the 
main valley. Today the Bowen River joins 
Milford Sound at a waterfall 162 metres (5931 
feet) high, almost as tallas the Gherkin 
skyscraper in London. 

Waterfalls vary enormously in their 
appearance, Some are frail ribbons of liquid 
while others are roaring torrents. All 
waterfalls are classed as cascades or cataracts. 
Cascades flow down irregular steps in the 





bedrock, while cataracts are more powerlul 
and accompanied by river rapids. 

Gigantic waterfalls seem ageless, but they 
last only a few thousands of years —a blinkin 
seological time. Debris carried by the [puazu 
River is slowly eroding the soft sediments at 
the base of the falls, causing the lava above to 
fracture and collapse, Erosion has caused the 
falls to retreat 26 kilometres (17 miles) 
upstream, leaving a gorge behind. 

The erosional forces that birth waterfalls 
eventually destroy them. In around 50,000 
years, there will be no Niagara Falls to visit. 
The Niagara River will have cut 32 kilometres 
(20 miles) back to its source at Lake Erie in 
North America and disappeared, 

The sheer force and power of waterfalls 
makes them impossible to ignore. Daredevils 
across the centuries have used them for stunts. 


O10 YOU KNOW? Fictional detective Sherlock Holmes fell into the Reichenbach Falls while fighting his nemesis Professor Moriarty 


Erosion power 


Waterfalls appear to be permanent 
landscape features, but theyare 


constantly changing thanks to the a 


feological process of erosion. Erosion is 
the gradual wearing down of rock. Rivers 
transport sand, pebbles and even 
boulders, which act like sandpaper to 
erind down rock. 

Waterfalls often form when rivers flaw 
from hard to softer rocks, Over thousands 
of years, the softer rocks erode and the 
riverbed steepens, The river accelerates 
down the steep slope, which increases its 
erosive power. Eventually the slope is 
near vertical and the river begins cutting 
backward. As sections of the overhang 
collapse, the waterfall gradually moves 
upstream toward the river's source, 





This is a tricky question as there is no standard way to 
judge waterfall size. Some use height or width, but the 
tallest one, Angel Falls, is only a few metres across at its 
ledge so is nowhere near the widest, Others group 
waterfalls into ten categories based on volume flowing 
over the drop. 





Horsetail 


f in horsetail 

) waterfalls, the 
. falling water stays in - 
= constant contact 

je with the underlying 
™ © rock, as it plunges 
©) over a near-vertical 
ga slope, One example 


is the famous 
Reichenbach Falls 
in Swit7verland. 


Punchbowl 

A river shoots 
through a narrow 
gap and cascades 
into a deep plunge 
pool, The name 
‘punchbowl’ refers 
to the shape of the 
pool, An example of 
a punchbow!l fall is 
Wailua Falls, found 
in Hawail. 


Tiered 

The waterfall has 
several drops, each 
with their own 
plunge pool. One 
example is Gullfoss, 
lceland. Some tiered 
waterfalls, such as 
the Giant Staircase 
in the USA, can 
resemble several 
separate falls. 





Hard rock 
Water flows from a 
layer of hard rock 
onto softer rocks, 


Soft rock 
The softer rocks are 
preferentially worn 
away and carried 
off by the river. 


Under-cutting 
Water tumbling over the rock 
step cuts back into the softer 
rock, creating an overhang. 


Rock step 
The riverbed 


steepens, forming a 


rock lip over which 
water falls. 













What ts the biggest waterfall on Earth? 


Every method has problems. Boyoma Falls in the Congo 


is one of the biggest waterfall on Earth by valume, but 


some arque the turbulent waters are simply river rapids. 


Shape is a popular and easy-to-digest, but unscientific, 


way to classify waterfalls, as many of them fall (literally) 
into several different categories. 





| Block 


A wide river tumbles 


over a cliff edge, 


forming a rectangular 
‘block’ waterfall that 
is often wider than it 


is high. Famous 
examples include 


_ Victoria Falls in Africa 
and the Niagara Falls 
» that straddles Canada 


Ledge collapses 


The overhang eventually 


tumbles into the river 
and the waterfall 
retreats upstream 
toward the source. 


Plunge pool 
Rock debris 
switls around 
beneath the falls 
and erodes a 
deep plunge pool. 











Frozen waterfalls 


Ice climbers in Colorado every winter 


tackle a frozen waterfall called the 
Fang - a free-standing icicle over 30m 
(lO0ft} tall and several metres wide, 
The idea of a frozen waterfall may 
seem strange. Rivers are slow to cool 
because their moving waters | 
constantly mix and redistribute heat. 


When temperatures drop below 


freezing, water coals and ice crystals 


called frazil form. Only a few 
millimetres across, these start the 
freezing process by gluing together. 


Ice sticks to the bedrock or forms 
icicles on the rock lip. After a lengthy 


and the United States. 


cold spell, the entire waterfall will 
eventually freeze. | 





Plunge 

Water spills straight 
over a ledge while 
barely touching the 
rock beneath. Angel 
Falls, found in 
Venezuela, is the 
world’s highest 
uninterrupted 


= Waterfall andisa 


member of this 
waterfall category. 


Chute 

These resemble 
extreme rapids 
more than 


Y waterfalls, A 


pressurised frothy 


| mass of water ts 


forced through a 
suddenly narrower 
channel. An example 
is Barnafoss, a 
waterfall in leeland. 
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The first tightrope walker crossed the Niagara 
Falls in1859. Risk-takers have ridden the falls 
on jet skis, in huge rubber balls and even 
wooden barrels and many have died inthe 
process. The steep drops mean waterfalls 
often pose a navigation problem. Inthe 19th 
century, the Welland Canal was built to bypass 
Niagara Falls, 

People have long dreamed of harnessing the 
power and energy of the biggest falls. The first 
recorded attempt to use the swift waters above 
Niagara, for example, was in1759 to powera 
water wheel and sawmill. Today many 
hydroelectric plants generate electricity near 
big waterfalls, such as the Sir Adam Beck 
Power Plants above Niagara Falls. River water 
is diverted downhill past propellerlike 
turbines. The rushing flow spins the turbine 
blades, creating renewable electricity. The 
bigger the drop, the faster the water, and the 
more energy it contains asaresult. 


Harnessing rivers for electricity can conflict 
with the natural beauty of their waterfalls. The 
Guaira Falls on the Parana River, probably the 
biggest waterfall by volume, were submerged 
in the 1980s by the building of the Itaipu 
hydroelectric dam. 

These days, the conflict between power and 
nature is greater than ever, Dr Ryan Yonkisa 
professor of political science at Southern Utah 
University. According to him, “the demand for 
electricity generation in the developing world 
is not going away and it’s going to ramp up.” 

Controversial hydroelectricity projects, like 
some in Asia, involve a trade-off between 
beauty and tackling climate change. Dr Yonk 
believes “the alternatives in those countries 
are likely to be very dirty coal.” 

Above Niagara Falls, treaties have balanced 
energy generation with iconic scenery since all 
the way back in 1909. During the summer, 
when most of the 12 million annual tourists 


The birth of Iguazu Falls 


A gigantic eruption millions of years ago created a mighty 
waterfall on the Argentina-EBrazil border 
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visit the site, about half of the total water 
carried by the river must flow over the falls 
-~an incredible 2,832 cubic metres per second 
(100,000 cubic feet per second). 

Yet these summer flow limits have a price. 
One study says the loss of potential electricity 
from the current treaty is 3.23 million 
megawatt hours each year - enough to run four 
million light bulbs. 

Withdrawing more water could have 
benefits above hydropower generation. 
Samiha Tahseen isa civil engineering PhD 
student, studying Niagara flow at the 
University of Toronto. According to her, “you 
can reduce the erosion of the falls.” 

Another advantage to limiting the flow is 
that it minimises the mist that obstructs the 
beautiful view. Samiha adds: “There is no 
denying that the mist is dependent on the flow 
so if you decrease the flow of the falls a little 
bit, that helps.” 


< 


Iguazu Falls 

The Iguazu River joins 
the Parana River via a 
canyon beneath the 
incredible &2m 
(269/ft) high waterfall. 





O10 YOU KNOW? The first person to go over Niggoro Folls ino borrel wos o 63-yeor-old teacher in 1901 - she survived 


Volcanic rock Gc = 
Parana River A gigantic eruption Electrifyin he 
The second- covered the Iquazii area | lie ~~ 1 
longest river in with layers of lava up to Sedimentary rocks Niagara Fa S 
South America, lk (0.6m) thick. Beneath the layers of lava 
after the Amazon. are softer, older rocks made 


from sandy sediments, 








/ The first large power station to 
* use alternating current was built 
at Niagara Falls in 1895. It was the 
first big supplier of AC, the form 


Iguazu River 
The river begins near the 
Atlantic Ocean and runs 


over 1.300km (800mi etter reat sascha cme 
through Brazil to join the | . of electricity that supplies 
Parana River. Parana Traps businesses and homes today, 


invented by genius Nikola Tesla. 
Tesla imagined harnessing the. 
power of the falls. His dream was 
fulfilled when industrialist George 
Westinghouse built a Niagara 
station big enough to supply the 
eastern United States. The plant 


“Harnessing rivers for , ee 
electricity can conflict with electrified New York City. 
the natural beauty of the falls’ 


The lava beneath Iguazu Falls 
formed around 100 million 
years ago during one of the 
biggest eruptions on Earth. 


= 





Step-like 
waterfall 
Iguazu Falls tumble over 
three successive lava 
flows, giving them a 
staircase shape with 

. several cascades. 
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Where in the world 
1 Niagara 
2 Victoria 
. 2 [guazu 
4 Angel 
5 Reichenbach 
6 Boyoma 
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ntarctica is the world's last great 
wilderness and Earth's coldest, 
windiest, highest and driest 
continent. Around 98% of the land area 
lies buried beneath kilometres of snow 
and ice, yet Antarctica is - paradoxically 
-a desert. In fact, itisso inhospitable 
that no one lives there permanently, 
despite it being 25% bigger than 
Europe. This frozen continent 
remained unexplored until the 219th 
century. Unveiling its mysteries 
claimed many lives. 

Antarctica is definitely worth a visit 
from your armchair, however, because 
itmay also be Earth's quirkiest and 
most remarkable continent. Among its 
marvels isa river that flowsinland, 
Mars-like valleys where NASAscientists 
test equipment for space missions, and 
perpetually dark lakes where bacteria 
may have survived unchanged since 
Antarctica had lush forests like the 
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| What's large, hostile and used to trial 
Mars? Antarctica — the world’s coolest continent 
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Brazilian rainforest. Living inand 
around the Southern Ocean that 
encircles Antarctica are fish with 
antifreeze in their blood, the world’s 
biggest animal, anda giant penguin 
that survives nine weeks without 
eating during the harsh winter, 
Antarctica isthe chilliest place on 
Earth. Atthe Russian Vostok scientific 
research station inthe cold, high 
continental interior, it can get cold 
enough for diesel fuel to freeze into 
icicles -—evenin summer. Vostokis the 
site of the coldest temperature ever 
recorded on Earth -an amazing -89.2°C 
(-126.6°F}, The temperature in most 
freezers is only about -18°C |-0.4°F). 
The continent is also Earth's 


windiest. Antarctica’s ice cools the 


overlying air, which makes it sink. This 
cold, heavy air accelerates downhill, 
creating wind gusts of over 200 
kilometres (124 miles) an hour. The 
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sinking air at Vostokisso dry thatsome 
scientific researchers pack hospital [V 
(intravenous) drip bags to stop 
becoming dangerously dehydrated. 
Few clouds can forminthe dry air, and 
most moisture falls as snow or ice 
crystals. Any snow that falls 
accumulates because it can’t meltin the 
extreme cold. 

lithe climate wasn't harsh enough, 
Antarctica never sees daylight for part 
ofthe winter because the sun barely 
rises over the horizon. Even insummer, 
the Sun is feeble and lowinthesky. The 
extreme cold partly explains why two 
huge ice sheets cloak Antarctica. The 
white ice cools it further by reflecting 
away about 80%: of incoming sunlight. 
Together, these ice sheets contain 
around 70% of the world’s fresh water. [f 





they melted, global sea levels would , — “a —_ 

s eel aps 
rise by 7om (230/ft)and swamp many of co eteiy +t Th 
the world’s major cities. =e flifias 
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“We're afraid if your name's not 
on the list, we can’tletyou in..." 


The East Antarctic ice sheet is the largest on 
Earth, with ice more than three kilometres (two 
miles} thick in places. Under the ice sheetare 
some of the oldest rocks on Earth —at least3,o000 
million years old, The West Antarctic ice sheet is 
smaller, and drained by huge rivers of ice or 
placiers. These move slowly in Antarctica’s 
interior, but accelerate to up to 100m (328!t) per 
year towards the coast. The fastest is Pine Island 
glacier, which can flow at more than three 
kilometres (two miles) per year. When these 
glaciers hit the sea, they form huge, floating 
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A ‘hole’ still exists over Antarctica 

It's 2065, and skin cancer rates are soaring. Step outside in some cities and you'd be 
sunburned in ten minutes. That’s the vision of NASA chemists, who predicted Earth's future 
if193 countries hadn't agreed to stop producing CFCs in1987. CFCs are man-made, chlorine- 
containing chemicals that destroy the Earth's ozone layer highin the atmosphere, which 
protects us from the sun’s UV radiation. A‘hole’ in this layer was discovered over Antarctica 
in the Eighties and persists today, because CFCs lingerin the atmosphere for 50 to100 years. 


The hole formed because the freezing winters allow unusual cold clouds to form. Chemical 
reactions on the cloud surface transform the chlorine in CFCs into an ozone-destroying form. 


7 EARTH’S SURPRISING DESERT 


Antarctica is 99% covered with frozen water, but - 
ao surprisingly -it'sa desert Antarctica’s average snowfall 
is equivalent to less than 5cm (2 inches} of rain each year, 
. which is about the same as the Sahara. Deserts have 
= (0 annual rainfall ofless than 25cm (io inches) each year, 
= §0 
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Vostok station, Antarctica 
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sheets of ice attached to the land called ‘ice 
shelves’. The biggestis the Ross Ice Shelf, which 
covers approximately the area of France and is 
several hundred metres thick. 

One of the world’s biggest mountain ranges 
separates the two ice sheets. The Transantarctic 
Mountains are more than two kilometres (1.2 
miles) high and 3,300 kilometres (2,051 miles) long 
-more than three times the length ofthe 
European Alps. The mountains were formed 
around 55 million years ago during a period of 
volcanic and geological activity. Volcanoes like 
Mount Erebus are still active today. 

Antarctica’s main ice-free area is the McMurdo 
Dry Valleys, aregion with conditions like Mars 
through which runs the continent's longest, 
largest river. The Onyx River carries summer 
meltwater 4o kilometres (25 miles}iniand trom 
coastal glaciers to feed Lake Vanda, which is 
saltier at its bottom than the Dead Sea. The 
salinity of Dry Valley lakes like Lake Vanda allows 
their deep water to stay liquid at temperatures 
that are below the freezing point of fresh water. 


Other strange Antarctic lakes include Lake 


Untersee in the East Antarctic interior, which has 
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water with the alkalinity of extra-strength 
laundry detergent. 

Despite the harsh conditionsand the 
lack of soil, animals and plants survive on 
ice-free parts of Antarctica. Inthe 
windswept Dry Valleys, lichens, fungi and 
algae live in cracks inthe rocks. Towards 
the coast, on islands and the peninsula, 
mosses are fed on by tiny insects, including 
microscopic worms, mites and midges. 
Some insects called springtails use their 
own natural antifreeze, so they can survive 
temperatures of less than -25°C (-13"F)}. 
There are even two species of flowering 
plants to spot. 

In contrast, the Southern Ocean 
surrounding Antarctica is among the 
richest oceans in the world. The annual 
growth and melting ofsea ice dredges 
nutrients from the ocean depths, resulting 
in phytoplankton. A single litre ofwater 
can contain more thana million ofthese 
tiny plants. The phytoplankton are eaten 
by krill -tiny shrimp-like creatures that 
are the powerhouse of Antarctica’s 
ecosystem and feed most of its predators, 
including seals, fish, whales and penguins. 
They form dense swarms, with more than 
10,000 krill in each cubic metre of water. 
Some swarms extend for miles and can 
even be seen from space. Alarming recent 

studies show that krill stocks have fallen 
by 80% since the Seventies, probably due 
to global warming. 

All of Antarctica’s species are adapted to 
the extreme cold. Sealsand whales havea 
thick layer of blubber for insulation and 
penguins have dense, waterproof plumage 


Larsen Ice Shelf 
ALuxemboure-sized area of the Larsen Ice 
Shelf collapsed in onhy35 days in 2002. 
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Scientists said it was the first time the shelf oe eee 
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a frigid -1.8 °C (20°F). Some species of fish have 
antifreeze in their blood. Antarctic icefish 
have transparent blood and absorb oxygen 
through their skin. 

The most common birds are penguins. Of 
the17species of Antarctic penguins, only two 
live on the continentitself, One is the world's 
largest penguin, the emperor penguin, 
which grows to 115cm (4ft) tall. Being large 
helps the penguin to keep warm. Emperor 
penguins breed on Antarctica’s sea ice 
during the cold, dark winter, enduring 
blizzards and low temperatures. The male 
penguins keep their eggs warm by 
balancing them on their feet for up te nine 
weeks, while the female poes fishing at sea, 
During this fasting period, these super-dads 
huddle in groups of up to 5,000 penguins to 
keep warm, losing 45% of their body weight. 

During the summer, around 4,400 
scientists and support stafflive on 


Antarctica, carrying outexperiments. Some 
are drilling to extract cylinders of ice more 
than three kilometres (two miles) long, to 
provide a record of the climate covering 
perhaps the last 740,000 years. The ice 
contains ancient air bubbles and 
compressed layers of snow. Scientists are 
also drilling into underground lakes lile 
Lake Vostok, which may contain water and 
microbes isolated from the outside world for 
a million years. 

Astrophysicists also benefit from 
Antarctica’s clean, dry air. IceCube is an 
Antarctica-based experiment that tracks 
neutrinos, ghostly particles created by 
exploding stars. Another experiment is 
attempting to detect faint light from the Big 
Bane that created our universe. Scientists 
are also studying the feeding habits of Adélie 
penguins, using scales to check their 
weights on their favourite walking routes. 


O70 YOU KNOW? Antorctico's biggest purely terrestrial animal is a wingless midge, which grows to just 1.3cm [0.5 inches] long 
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Lake Vostok = 
an alien world 


Discover the largest lake 
beneath Antarctica’s surface 
Ice flow Life search 










The mass of ice-on top of Russian researchers are drilling to 
the lake takes thousands the lake water through 4km (2.41mi) 
of years to creep from of ice to search for life. 
shore to shore. 


Ancient water 


Water in Lake Vostok 
could beamillion years 
old, compared toa few 
years for atypical lake. 

ivi soning ak 
Extreme living 
Bacteria may live in Lake The lake surface slopes 
Vostok despite the perpetual downwards because the ice 
darkness, icy water and isabout 400m (1,312ft) thicker 
ENnormous pressures. at one end than the other. 
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C hak be _ 
‘mountains 


The vivid colours of the Zhangye Danxia 
rock formations are.a mineral marvel. 







hina’s Gansu Province, inthe central 

north ofthe country, is home toatruly 

spectacular view. The striated colours of 
the Zhanegye Danxia National Geological Park rise 
up from gullies and canyons inthe rocks, and 
perfect stripes of earthy recs, oranges, whites and 
browns form craggy peaks that cover over 500 
square kilometres. 

The stripes in the rocks were originally 
horizontal, as layers ofsandstone and other 
minerals built up over millions of years. Each 
layer was created as particles of rock were 
deposited through wind or water to form 
sediments. As new sediment layers gathered over 
time, their weight compacted the layers beneath 
until they cemented together to form rock. 

Weare able to see all of these cemented layers 
inthe rock at Zhangye Danxia because tectonic 
activity has crumpled the Earth’s crustand forced 
the rock upwards, exposing the different 
sediment sections in stunning rainbow stripes. 

Some 50 million years ago, the Indian Plate 
smashed into the Eurasian Plate, causing the 
tectonic event that formed (and is still forming} 
the Himalaya mountain range. This causeda 
geological ripple effect, uplifting mountains and 
buckling the ground in different areas, In the case 
of the Zhangye Danxia Geological Park, the layers 
of sedimentary rock were exposed. 

After the rainbow rocks were uplifted, other 
physical properties were then immediately at 
work, eroding and sculpting the landscape as it 
appears today. Sandstone is typically rather soft, 
and so forces of dust-laden wind, rushing water 
and the freezing and thawing of ice have all 
helped to mould the landforms. 

The last piece of the rainbow mountain puzzle 
lies within the seciiment layers themselves. 
Various minerals were deposited in the layers 
alongside the grains of sand and rock, andas 
these have been exposed to the elements as the 
eround uplifted, they have begun to oxidise and 
stain the sandstone layers. For example, one of 





the most prevalent colours inthe landscape isa 
burnt copper hue. This occurs as elemental iron 
reacts with oxygen in the air—the same way that 
metal rusts -staining the landscape a dusky red. 
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‘Glaciers.in Wrangell St'Elias 
BELT cI Rohe ely ted es 


Glacie 


Discover the awesome 
Earth-shaping power 
of gigantic rivers of ice 


laciers are huge rivers or sheets of ice, which have sculpted 
mountain ranges and carved iconic peaks like the 
pyramid-shaped Matterhorn in the Swiss Alps. The secret of 





this awesome landscape-shaping power is erosion, the process of | 8. Snout 

wearing away and transporting solid rock, Glacial erosion involves The end of the glacieriscalled 
two main mechanisms: abrasion and plucking. As glaciers flaw its snout, perhaps because it 
downhill, they use debris that’s frozen inta the ice to ‘sandpaper’ ee rus Te nee ke ip 
exposed rock, leaving grooves called ‘striations’. This is the process glacier Ss mohair 


of abrasion, Plucking, however, is where glaciers freeze onto rock 
and tear away loose fragments as they pull away. soci . 

Tod ay glaciers arecon fined to high a (tit udes and latitudes, but 2 eres Ore dase 
during the ice ages glaciers advanced into valleys that are now free mound found in the centre ofa valley, 
of ice. Britain, for example, was covered by ice as farsouthasthe formed when two tributary glaciers 
Bristol Channel. join.and their lateral moraines merge. 

You can spotlandforms created by ancient ice. Cirquesare 
armchair-shaped hollows on mountainsides, often containing 
lakes called ‘tarns’. They're also the birthplaces of ancient glaciers. 
During cold periods, ice accumulates in shady rock hollows, 
deepening them to form cirques. When two cirques form back-to- Hard rock outcrops in the valley were smoothed into mounds 
back, they leave a knife-edge ridge called an ‘aréte’, Pyramidal orientated in the direction of ice movement. Rock drumlinsare 
peaks are created when three or more cirques form. Eventually the shaped like whalebacks, adopting a smooth, convex shape. 
cirque glacier spills from the hollow and flows downhill asa valley Roche moutonnée havea smooth upstream side, anda jagged | 
glacier. This glacier erodes the valley into a U-shape, with steep downstream side formed by plucking. Where valley rocks Pit ape isiiay “ 
cliffs called ‘truncated spurs’. When the glacier melts, tributary varied instrength, the ice cut hollows into the softer rack, = ‘a svi s tant F 
valleys are left hanging high above the valley floor. which filled with glacial lakes known as paternoster lakes. | 
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010 YOU KNOW? Ten per cent of the world's lond is covered by ice, compared to about 3o per cent during the lost ice oge 


Spotter’s guide to 


When you stand at the bottom - or snout - of avalley it grow again, it collects and bulldozes this debris. 








Blacier, you can see landforms made of debris To understand why the snout moves up and downhill, 

dumped by the ice. The debris was eroded further up you need to see glaciers as systems controlled by 

the valley and transported downhill, asifona temperature and snowfall. On cold mountain peaks, 

conveyor belt. Meltwater rushing under the glacier snow accumulates faster than the glacier melts. As ice 

sculpts the debris heaps. flows into warmer lowlands, melting begins to exceed 
The snout isthe place inthe valleywherethe glacier accumulation. The snout advances or retreats 

melts completely. This changes over time. Ifthe depending on whether inputs of snow exceed ice loss 


placier shrinks, it leaves a debris trail behind. Should from the system by melting. 





1. Lateral moraine 

Lateral moraines are made from rocks that have 

fallen off the valley sides after being shattered by 
frost. When the glacier melts, the moraine forms 

aridge along the valley side. 


3. Terminal or end moraine 
Anend moraine isa debris ridge that 





) extends.acrossa valley or plain, and i 
marks the furthest advance of the glacier 
= and its maximum size. or 
a i 
c ca 





Anaerial shot 
of a glacier 


















f. Erratics 

Erratics are boulders picked up 
by glaciers. and carried, 
sometimes hundreds of 
kilometres, into areas witha 
different rock type. 
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Glaciers can only move, erode and 
transport debris if they have a wet bottom. 
Polar glaciers are frozen to the bedrock all 
year round and typically move around 15 
metres (5 feet) per year, as ice crystals slide 
under pravity. In temperate climes like the 


6. Braided streams European Alps, however, glaciers can slide 


These streams have a braided | an | | | : 
shape because their channel downhill at 10-100 metres (30-330 feet) per 
becomes choked with coarse year, due to the fact that meltwater forming 

debris, picked up when the under the glacier during mild summers acts 
stream gained power during labHicant 
periods of fast glacier melt. aoe : 


if meltwater accumulates under a glacier, 
: the ice can race forwards at up to 300 metres 
5. Outwash plain (goo feet) per day. During the fastest 


Qutwash plains are made of gravel, sand a 5 | 
4, Recessional moraine and clay dropped by streams of eet eee 
Arecessional moraine is leftwhena meltwater that rush from the glacier Pakistan sped more than 12 kilometres 
glacier stops retreating long enough for during the summer, or whenice melts. (7.4 miles) in three months. 


a mound of debris to form at the snout. 
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O10 YOU KNOW? There ore more peoole injured by bison thon grizzly bears each yeor in Yellowstone 






= se ere 


aT ild ayy a 4 


cashe im cearil J ee es Ei iene 


elcome to Yellowstone Park — America’s, 






iy See and the world's, very first national park, 
h edags est Ags San Tous! | af 
= uF: sei ichietcra Its vast swath of 9,000 square kilometres 
rah i “5 — in no aoa eo ' : 5 
Supervi ali icano tn a (3,500 square miles) of protected land, whichspans 
ataih ita rel estrov. America the borders of Wyoming, Montana and Idaho, could 
A AS oe ee } 7 | ik | 


house all five boroughs of New York City ten times 
over, and attracts over 3 million visitors each year. 

Its world-renowned scenery includes soaring 
peaks, plunging canyons, lush forests, rushing 
rivers, brilliant lakes, rolling meadows, thundering 
waterfalls, shimmering hot springs and gushing 
geysers, Amid allthis visual poetry livesarich 
assortment of wildlife, including wolves, bears, 
bison and elk, 

Yellowstone National Park was established by US 
Congress in 1672, soon after the first Europeans 
arrived inthe American West, but archaeological 
records show that people have been in Yellowstone 
for over 11,000 years. Many tribes have lived on and 

A: ee or he i ms - ; passed th rough the land now occupied bythe park, 
. if wich fd i in ai : Hurd Piero ih be, including the famous Native American Sheepeaters. 
isl iat es ed ape Fe a ylipies to ae | , ) ne The park lies at the heart of the Greater Yellowstone 
a NA ear Ee CaN, Qa i el ail a , ' “— Ecosystem, which at over 60,000 square kilometres 
ao is at pit ee ea ae et sin tian ae nia a. i a es eee ~—s(30,000 square miles) is one of the largest nearly intact 
= rand 4 ea Se na ent ge. We oS an ) temperate-zone ecosystems on Earth. It preservesa 
a cil ria | i a a staggering variety of terrestrial, aquaticand microbial 
life, making ita truly invaluable resource for scientists 
who are conducting various studies, ranging from 
landscape-level changes right down to some of the 
tiniest microscopic organisms imaginable. 

Yellowstone was set aside as the world’s first 
national park primarily because ofits extraordinary 
geology and hydrothermal wonders. The park 
contains around half ofall the hydrothermal 
features on Earth —over 10,000 of them — including 
hot springs, mud pots, fumaroles and the world's 
greatest concentration of geysers, The most famous 


1 ane anil isi oe a 


wr cl 


fa = of i "y si i oe a x tia 9 Pa ofthese, Old Faithful, isa perennial crowd pleaser 

uP SCR a bt that reliably erupts almost once every hour. 

Yellowstone's hydrothermal features are 
fuelled by volcanic activity deep within the 
Earth. Just afew miles underneath the park, 
partially molten rock churns and seethes. The 
area has seen three gargantuan volcanic 
eruptions and at least 30 smaller ones over the 
last two million years, and the park and its 
immediate surroundings typically experience 
between 1,000 and 3,000 earthquakes each year, 
with several large enough to be felt by visitors. 

Visitors, wildlife, and the park's pristine 
landscapes are managed and protected bya team of 
rangers — 780 work during the peak summerseason 
and a core 395 are permanent year-round employees. 
As you might expect, competition to become a park 
ranger at Yellowstone is fierce. Can youimaginea 
better “office” to go to each day? 
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Osprey 

Mates and nests in 
Yellowstone, but skips winter 
altogether, flying south from 
September until April. 


Mule deer 


Western coyote 
Forms hunting packs 
during the colder months, 
joining forces to find food 
more effectively, 





As wellas breathtaking scenery, Yellowstone is 
home toa staggering diversity of wildlife. The 
region sustains one of the largest communities of 
free roaming large animalsseen anywhere on 
Earth, and contains the most powerful mega 
fauna inthe contiguous US. Following the 
re-introduction of grey wolves in 1995, today’s 
Yellowstone boasts almost the full complement of 
animal species that inhabited the park when it 
was first explored over a century ago. 

As well as wolves, some of the major attractions 
for park visitors are the two types of bears — 
prizzlies and black bears — bison, wild horses and 
America’s national bird, the bald eagle. Among 
the animal species are 67 mammals, nearly 300 
birds, 16 fish, four amphibians and six reptiles, 


which can be found within the park's boundaries. 


The variety and abundance of wildlife is due, in 
part, to the collection of specialist habitats it 
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Rocky Mountain bighorn sheep 
Descends to lower elevation south-facing 
slopes where there is less snowfall and more 
sunlight which keeps vegetation accessible. 


Animals of Yellowstone 


Elk 


Grey wolf 





encompasses. The animals are also protected by 
law; only park rangers may fire guns, although 
visitors can obtain fishing permits. 

But that isn't to say that life in Yellowstone isa 
walkin the park for its inhabitants. They must 
endure cold harsh winters, with temperatures at 
or below freezing from November through to 
Marchand snowlall heavy enough to cause the 
main roads to be closed for months on end. Each 
species has its own way of coping -fromthe 
moose’s specially hinged joints, which they can 
swing over the snow rather than having to plough 
through it, to the bison's tendency to graze and 
find warmth near hydrothermal areas. 

The entire Yellowstone ecosystem exists asa 
delicate balance between predators, prey, and 
their habitat—- itself governed by climate 
fluctuations, forest fires, invasive species and 
volcanic activity. The way the park is managed 


Grows a thick, insulating winter coal consisting 
of warm fuzzy underfur protected from 
moisture by thick waterproof guard hairs. 






Grizzly bear (and cub) 
Hibernates from December to May, 
dropping its body temperature and 
heart rate to conserve energy. 


today reflects shifting attitudes and new 
understanding about this balance. For example, 
wolves, once considered too greata threat to other 
species, are now recognised as linchpins inthe 
health and stability of the overall ecosystem. 
Forest fires were once viewed purely in terms of 
the death and destruction they cause, but today 
controlled burns are recognised asa critical step 
inthe natural cycle of regeneration and renewal. 
te ~ coe 





|} YOU KNOW? During the 1988 “summer of fire" 36 per cent of the pork wos offected by wildfires 


Moose 
Bulls shed their 
) heavy antlers at the 
start of winter to 
CONServe energy. 







American white pelican 
Forms spring nesting colonies 
on Yellowstone Lake, but 
overwinters in the coastal 
waters of Mexico, California and 
the south-eastern US, 









Green-winged Teal 





Trumpeter 
swans (pair) 





\ 
\ j \ 
i" A! \4e brit as 

Uinta Black Yellowstone bison Yellow-bellied Pika Pronghorn 
ground bear (and calf) marmot Spends summer gathering 
Squl rrel Uses its giant head as a Hibernates for up to eight vegetation for winter food, 

snowplough to clear months of the year, surviving which it builds into vigorously 

deep snow and find food. entirely on stored fat. defended “haystacks”. 





Wrolt 
directly 
erfects 
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Gf) Alational Park Service’ Robert Hynes Thinkstock 





d 
at 
= 
ni 
= 
: 
: 
it 
n 





aunssaid Buipying 














, 
‘Seyenbuyies Aq Mi eae oe a eT 
ALUN] JNO PayBaso : 1 a erties eam eral Bela) | rf 
SAUNSSH YO! JO Wayshs ea AWENIUBAS Seg resect tate else ties 3 * 
Guiquunid & yBnoy3 sasiy Lets t pean = ele eee | aN tReet) Te 
JSJEM paj}eauyjedns : Aq Pevsougp BSUS PMLSPR Temi ee Ne Tithe 

oy UOHILSUO) SP Ces eet Neary (ef aaih ba | dem 

‘UOSLSU03 ayy jsulebe : eres | 
SOLsnd Yay We|s ' 
SULIDY JO]EM, Burs. mye a} Melee ee ere re or : Ny 
‘Burlod Loads payLanaig | | — = (MWUQ0G' 2) LUMOO0 OL SUI IUOD a 


Tee Lae |) ieee 

ersv Oe MSE lan lems) el) 
CCTs OEE Commas ie) et eecenst Ue ors 
mee rere Ue l= teem =i] el= if)" 


i 
= 





a! "‘BUIDISQNS Pue GUIS Jo spoued 
Ti elg eye pects alae ele) Tete) e) see ee 
cele e ieee pra Relea 
ate (sce bie bris rena aL eel geet eee 
poem ee) 8) | ee ete] 


"JUGA SLUG 
JOJEM PUP LUES]S JO SaLUNnjoA abny Buiwads ‘sojg 
JosfoB ayy Ayenjuana jqun ‘Buljiog Wiody payuaAdid 
S| JOJEM Bursis se spying ounssau,g Ajaady BUAe|NIWS 

LUO JEM PoTeauJedns S1uaAaud USNS Su05 

DUIQLUIN|C @ UBUAN SLUJO) JEU] BUGS JOU JO Puly Biel y 


SA9NSA05) 








i eS sed PUOMEN 
. aie tae  aUOMOyeQe 
‘WIEBE SHLIS PUP spoons Rete i te eee Ty 
eT eel Sete 2 - —— 
} Baya “De LNs ay} oO} ce 


SaS] JajemM payeayadns 


uonsaau07 — ‘aebje uaalb-anyg 


@y!| SLUSIUPRUOOIoILL 


‘buds jo sapis Ly a mae sees Pa - ah fate a Best y tlt Eee UUsE-otiLe 
Uo paysodap-al S420, inuding wo. ewes - Facenei eer eet LeeLee eS e Beles 1-1 ae ara ai testsl sme sse IPE Ube) a] 
uciesise ee ante o ion Tee z Na ‘i y ci dmastna hc alin riers | sm Ms eee Wemee iste 9 He] omega ant ao ee =e em ele ee =| =e ee] ele) 2a 
jaye MAUIEI Ko pag j osay 4 oer 5 oe 2 agidaaag +e > aunssaud ayy pue sly Apmoys Uthat We ee see He PL e wees Teese ee NOL, Meg e okm re es 
sysodep (BDH IS) | , 5 ApOUiNE: F arc la(M OL sae ae alsa eee ek Psa SER ge raae ce ets lel ge) ee Beceem fo) wee ee Ly 
ajlashan — fe) eT OO Pa sawop Juabinsay a hatha a] Ee Bae at =8 f=) 8) | ted ibe] Bh 

sole Mee —_— \ | Sea ye Ea eet 

_— * — — a st aMOPles Pie me Mee me chloro 0 Plea De) 


5 a 7 - HUNT Cele Bete) wht cme ele rte) CPM ccc beds 


Pr sae ese ae oer a Ep] om ate fet) ts 


-QOB),INS aU} MO}aq SAYILL May E ay] JEU] yO UAYyOU es JAR es utes iO(8) cc/AO(O RTS (APE wv) L0 (88) occ a) AT AO LOT MCE Sree LER Ir Alec ete cits MOLINO LEBESPLeOUG CoD tes) Ut F ee U eee aa bare Pare PEC) 
Ajjequed Aq payeipey ABiaua ayy Wo) pajeaujedns Ape te epee tele 8 Saree hee UO LEUNE Rs B12) | rit eee REA Niey) (87h) irlelacacte ius) | Cees BOAO ORO O Wee le ne) eel ney| AVE vie 
inc See oe vie PROM ce vE cL Basi Luts tae eam AN te WUE ee tool Celis AS Ce RAR ta ere OF le rey Cop Srssce/ ORs) ictore #10 LEM) (er ele Ese #Fie isis 0p 
50305 MOUS DUP UIEI U@uUM DOL! ‘auoIsSMOoyaL ) : 

ul aungeay |eLUUaUR Jo e fe Gat inna eGkl : i Silo WCe OSL LSD OLIN tI TINe Mee b U8 TTL roe PT ROL POLAR C EMOU se) (CURT P AO Gt- 6 MMMM NORSM OW Cc lel etcy cite) (OMB e en cace) 8) ic mre) N UN cr tn: 
shu Ls d S10 S]F eR Mel LOR We Feta eer cP Rie (8 Brea e Te HiG]0Ne)0 Le Micr-) elec )er- en ean lap alae SIUPRNILEMI Wes imc Le RIe Lee R elena (LOE! 

eo 4 H SrNiscichi b= 0108 pap, ices ORM Pals .c BOT] ale re ie) e] a piel teow laine figelste] a: UPR OGsi Ep mt cerea Le li (emer ci RO) mite tse Fig ee elem) (eyelet y ie) AN 

Apress lap te aU NO Lsi0 wie irs] Seer si WIN estan re MPLOBOLWisi) WR )U NMED sss) Benet tee PP si Ot (sibel SEs lite [e MW) Utes era psa TGe eUesee lO CAT ETU Te) en | 


Ney Meter ates |e) AE al 
ST ney pe ee | 


Oe Fs 


"SoIN}eay 
[ELWSLOJPAY JaLyO 
LIM. SE “DORLINS 
au] 01 dn saAiig 
Ja}eM 
payeoysodns 


‘LUPS]S SP punoB 

al} S}ixa ple ‘aoejins 
aU) Builjoead sIojaq 
Sa] eJOdBAS JaJeM, 
LUEOS 


Ps Ta ea whe mite pedi lare| | 


ge] UR Ls em ea se ee 
ee ipa dm eee ee ee gee) 
cLSge Oe Ae ase co 
] Tia ome lelet ately 
Siete toy 4 





iat w eee em EB else 0 ec OMe eee wterT) | La Tc 
exUNis EO Mio SE Btc miele mn ee me eRe meee 
co SOM eT RU MOA Gee ee sate) 

ai teh Wie emcee jal aily 


Pi  mE al 


EUR CROP mer ee EOE cele P Me | Ree tm e oO Co ee oa | Be 

ea OME AL PR ela e Rn gee UM POET he Roe ea ee) naa te 

Se ae oe et ee ee) GeO Nee OPO mee coe (oe lee ia aes testy ae ee 

eS ice ar Oke see seme ae meee sea ele ie ale ee Oise) me ceica ele melee el ee T, 

ober sates ER Meee ie Ree Cces SEN gees ee eB cee Oona a ele ee ]n a8 

SINE O sce RG umes (Se ess mee saece stem sae i imme mes eee ei wg 

Tie Si eee) eta se a en ect) Nsom |g eee eB ee boo 
Ce N IM Te BeBe ermB Aa ae ml esa e a ee eee) Ba eel ee 

Ora mec N (sh oo. ue cers ee cage an eee cme eae 

POO aTe ge ie eR RNa Meco cy ec ae a glee. rege) ga) 

ee) ee Teele es avant otis eRe BPO Elite ee icing ele BL | 

pace Re iB t BRe Res Wb te BO sls eB eins UUme Re) cme Doe le 8 

Ue RUSE) eels alee ae eee een) ee eee Ucar a ee eee 
Ele eee SMe Neola oe Oe Nee ee aoe ae Bee UPR Al ee) tng 

et fe)ta me Werke re) rae ema [ecld ote a) eee em 

eyiswce a Be EARN a SOBs) RBM sree en ieee re EE neg ee ee on 


093 


Temes liaalee bp ielieh i #0 gee Bega (ele Ne me ete oe oo soe Rng elec e eee i 88 Oe Se 
ae bole) W ele ee ele ge cee) seo te ole perder Bae tc ea cl emai e ca] els 


1G GUOJSMO}HOA }! JEUM 





aU ia pee eet ete 

SUV EN melons elena lee a 
ALepew ish eee || aM bom (=a eye) Bsa 
let cee ce tem e OMe od |eLe) eta h 


(4/67) O.PTT oy dn squnjeladiuay 12 BLINT) SEL}AA 

PUP BUISSILY JUBA SL) Wdd) a6lauua Sasseb Jauyo 
PUP LUPAS BIeIns ay) Gulyseau alajaq ABMe slog 
JE} Jeu Sal|ddns Jaye pay) YONs YM sanjeal 











JELUJOLOJPAY Qe 2S0y} “JUBA LESS & payes os/y - | $]9} alereme tele 
sajoieuins ; | Re Saat 
i l Se 
, a 
bs 
es = 
Pu “ae 
‘sj00d aOR INS er / : 
MOTEYS BulALano uP = 4 ; 
BUI}eal “LUES]S Se punoib teil . ; 
al] YBnouyy jeay syanpuos 
if ADJEM pajyesyiedns ; : 
: ‘pnw pue ‘PIE Sunydns oq” uf i 
AES Buypqqng ou : PT BuljJasauos Ag ABsaua Pil = 
2 ON NP sf Eeag 10) se6 apiydins uaboupAy 
PIS SUNYdNS BSN SLUSILVEBIOOJDIA | 


4204 panjossiq saseB DIUeD|OA 


SUIEJUOD LUES}S 


ast n se E es] 0d 

See ee eee tela in 

Bre lal eae erm ele ela Teen 

SUP MOLLEN uaters ie] em Lene mh=ts inp) 

WUstolE | eP Lele ae Tae bela eee) 
ele] eRe isthe) isa | Saeed 


Meer 


“sysodap paunojos jo MOQUIE, BULeLULUILS 


Bu Buyjnsa SPIoe PL] Lyd |e id flit Ae aL] Lil 





SjelauijA “Ae|o AeB-anyg Buyggng oul yoou BulAjieapun 
SU) SUN] YOUN, JajeM aoeyins jo sjood pajpay 
TAO EUS AJDISG splydins UeboupAY jo SJuaA BuILUeAyS oat 


sjod pn 


un 
J 
Ou 
—1 
Maj 
CO 
LY 
DO 
[. 
LJ 
Lh 
a] 
J 
sul 
7 
= 
Gu 
i. 
aa 
LW 
oD 
Qu 
— 
TD 
a 
— 
J 
qu 
=< 
= 
= 
LJ 
= 
her 
TT 
te 
zu 
D 
a) 
ob 
+! 
CC 
= 
i, 
Qu 
Ey 
Jl 
Qu 
L) 
> 
C) 
=< 
= 
—) 
oC 
“ee 
CJ 
bas 
= 





¢ aba) eal Ea alae Be 


eae =—_- 





fe asl met net 
me ae ene stormiest an 


eae aL is 


yn on Eart 





ee ant. 
2 





eer 







The subterranean canyan off 
the ecast of ee eeeNeS 





2 Taille ave 
< fallest waves 
ae) | de 3 
(nape offshore, whichisa 
big-wave surfer’s dreams: 200-kilometre long ravine 
Mi eR hee eRe Lm) e eRe ewe Leben aes 
Norte near the coastal oie eka SHAR h econ weed 
TURD Pteme mi ceas Dom Oe have travelled across the 
dele is at one of the ANGER OLS oti ea se eae Ome es 
sedis MSO canyon, gusting winds and 
ae Pee M els Pega ats local tidal forces into 
brunt of the sweeping colossal waves. 
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largest underwater canyon, 
Nazaré Canyon, lies just 
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Plate tectonics can cause chaos 
through earthquakes, but they can 
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Pacificplate is pill it i weit 

the Nazca plate, is Perot one 

fastest seafloor spreadingon Earth, — 
This is where two plates pulla FA a 
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storms 
Is there such a thing as the ‘perfect storm’? 


MELO ISU URL UAL RIG Comma P MOSS OPM IG RT CREM cM tan eres ca eat e le 
the Pacific throws at them, will tell you that this is one of the cruellest 
oceans on Earth. 

It's the tropical region that whips up this meteorological frenzy and 
creates the mother of all storms: hurricanes. Fed by very warn, moist 
UP MM Ge aiem rea matele sl pet M eid FBTR (E) SOM Orsimi sot eM NOR Tae: Bale M (el ico peas a) 
and need to reach120 kilometres per hour or more to be classined asa 
Wiha ecerc tat Ma ARE) eLO lO) eRe) maa Galton =e Wali Beene Mees nioee (cee |= ned e-t- piel 
event and just depend on the origin of the storm. In the Atlantic and 
Northeast Pacific the storms are hurricanes in the Northwest Pacific 
they‘re known as a typhoon; and in the South Pacific and Indian Ocean 
the weather system is termed a cyclone. 

Hurricanes can travel huge distances across oceans, spinning 
anticlockwise in the Northern Hemisphere and clockwise in the 
southern Hemisphere, fed by the warm conditions of the tropics. 
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Cloud formation 

Qver warm, tropical waters, seawater begins to 
evaporate. As it rises, it cools to rapidly form clouds. 
Cooler air from the surrounding area rushes in to 
replace the warm air, which then warms up and rises 


again, causing updrafts., reach 12O0km/h. 
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Hurricane formation em N Rs ig uted ee a emcee eis ects 
» Rotation begins 


The warm air continues to rise, cool and suck 
in more air from the surroundings below, gaining 
energy. As the Earth rotates, the clouds start to 
spin too. A hurricane is formed once wind speeds 
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BF ali geeey de) gan 
Warm, moist air continues to rise from the ocean 
and forms clouds in bands around the eye of the 
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the storm. 





O10 YOU KNOW? Most of the oxygen we breathe orginally came from the activity of photosynthetic organisms in the ocean 


Pr ae forse: 
ease! Ocean 

































4 Fa 1 | Z 


5 Deadliest 
An entire ocean poised oan | Pamee 

and ready for destruction polluted Kisii: 
Beneath the Pacific Ocean lies a patchwork of molten terror — 

known as the Ring Of Fire. Earth’s crust is made up of The dead zone in the Gulf of Mexico is tides 
tectonic plates that fit together like a jigsaw, floating over a one of the most extreme cases of ocean | rene ne | 
layer of molten rock. At boundary zones, platesrub against | POllution. Itcoversalmost17,o00 square aw spins wlohe Subdeala ec atens 
each other, push against one another or pull away from one | kilometres of hypoxic water- where very beens ese ‘ ee echo ae © 
another, each with differing consequences, In the Pacific little or no oxygen is present. Nothing sanelee semaneet Spe ins ae witiaes 
Ring Of Fire, the landmasses that surround the oceanareat | ©@growthere, asalmostall organisms ey ae a amines. ihaue i 
a ae ae 3 — require oxygen to survive. Dead zones aU ae 
plates. Home tooo percentot ft ec eal are caused by nutrient runoff from the 
earthquakes, the Ring OfFire |) ain aL: . “ines land (such as agricultural fertilisers) that _ 
cause an excess of algal growth. When eB iae ae as NeeLISLEEte 
the algae dies, it decomposes and depth, as the water within the bay 
consumes all of the oxygen in the water. SL eh ees 
Dead zones occur in various oceans and inland iti ea eit 
water bodies, shown here with red dots SAU iSt els CBee ReeLEa el relalee 








empties 100 billion tons of seawater 
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is a hotbed of tectonic activity. 


dearth ee eee lieth tale eee eels 
a a : Canada’s east coast and is a tourist hotspot 
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liquid freezer 

At the very bottom of the globe, surrounding frozen 
Antarctica, swirls the untameable Southern Ocean. 
It’s home to some of the fastest winds and tallest 
waves, and also boasts the largest ocean current (the 
Antarctic Circumpolar Current) that transports more 
water than all the world’s rivers combined. 
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An incredible feat of survival, 
the icefish can survive 
temperatures of -2°C 
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The Southern Ocean is 
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° Deepest ==" 


Take a breath and dive deeper than Everest is tall 
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O70 YOU KNOW? Ina cubic kilometre of seowoter, there ore opproximotely 26 million tons of salt [os sodium chloride] 
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Atthe very bottom of the ocean, just shy of 11,000 metres 
below the surface, sunlight is long gone and all that is leftis 
POUCQtAO tem aa ere ee Toes Dd ee toda Dlerad Oe werd MMO amet eB ats 
Trench, a deep score across the sea floor of the Pacific basin 
that is formed ata subduction zone, where one tectonic plate 
Chr pe) el Bee el dele DOOM) Lees 2 etd mere) 
Earth's oceans, and with over ten kilometres of water 





overhead, the hydrostatic pressure is 1,100 atmospheres — 
the equivalent of inverting the Eiffel tower and balancing it 
on your big toe. 

The water temperature at the bottom of the Challenger 
DEO R eee oe ester AN Nee P TOMO N one TMOREION eR LOE 
clouds of silt, formed from millions of years of ocean garbage 
TPUMDATMUMODEORs 1 OLeLtes Pele R] LUN mee aN Rp Tee ei hme COU td 
despite the pressure, darkness and coldness of the 


metres lime) ley 
crabs and lobsters) can be found 
lurking in the deep ocean trenches. 


Oa egeit |e) cenira=ie Real cies et eee Ce 








environment, life still prevails! The deep sea is home to an 
array of strange and wonderful creatures that survive 
against all odds, having developed clever mechanisms to 
deal with the extreme conditions. 

SWOT OU stata me eR SIPEG ease BTID senile Est 
scientist Jacques Piccard and US Navy Lieutenant Don Walsh 
in the Trieste submersible, which seta record by diving toa 
depth of just over 10,915 metres. Since that seminal dive 
there have been multiple attempts by both manned and 
WU SUGutsNONetcre RSLs) Obama em tna] acer ame een ame aa) alesis neta 
film-maker James Cameron, who managed to reach a depth 
of10,898 metres in his Deepsea Challenger submarine. 





Hydrothermal vents 


Ghacem Case np arta tien One mars 0s Bebe ce attack al a Cole RL 
activity is high, hydrothermal vents are cracks and 
fissures inthe Earth's crust where super-heated water 
escapes into the ocean. The temperature of this wate! 
can reach 400 degrees Celsius, but doesn't boil due to 


bereits (s iti 
Often termed rat-tail fish, these critters 
have large heads and tapering bodies 
lis leece Uns M ean di elect Belle 


the extreme pressure 

RUGAMO LRM aD MEAS P AU coal h aw RT ECIOO ON Mme Lae PEMROIUPD aR Gar: 
of lite. The organisms thatlive around them use 
chemosynthesis—as opposed to photosynthesis -to 
survive. The primary producers. ofa chemosynthetic 
food chain are microbes that use the chemicals 
expelled by the vents as the basis to-create energy, akin 


to how plants on land use sunlight 
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Some of the deepest-known 
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have been spotted by probes 


at 8.145m below the waves. 
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fossils? 
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What are 












Weird world wonders 
Discover the arenes geology 
from around the globe 


Super volcanoes 
These timebombs could wipe 
out entire civilisations 


What is lava? 
From magma to lava 


Earthquakes | ¥ 
What exactly is it that causes these (ay 
devastating natural hazards? a 


How cenotes form 
When geology and history go hand 
in han 


115 
Get inside a massive 
supervolcano 


Mountain formation 
Earth’s rising landforms explained 






Earthquake 
science 
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128 How do crater lakes form? 
> Explore the explosive pasts 
: of crater lakes 


129 Stalagmites and stalactites 
The development of the curious 
subterranean spikes 


130 How is coal formed? ' 
A rock essential to modern life 
but one that is running out 


132 What are fossils? 
A unique insight into what once 
lived on Earth 
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reating a causeway 


How volcanic activity formed 40,000 giant rock pillars 


ccording to legend, the stepping stones of 

| _ the Giant's Causeway were created by the 
® Weiant Finn McCool, so that he could walk 
across the Irish Sea from Northern Ireland to 
Scotland and fight his rival, Benandonner. In 
reality, they were formed by volcanic activity 
around 60 million yearsago. Back then, the 
continents of Europe and North America were 
attached, but soon began to slowly tear away from 
each other. As this happened, huge cracksin the 
Earth’s crust formed, causing lava to spew up from 
below. This lava cooled to form layers of basalt rock 
onthe north coast of Northern Ireland. Over time, 
the rain eroded away the rock to forma 
valley, into which more lava 


flowed. At the top, this lava cooled rapidly, forming 
a crust that helped to insulate the liquid lava 
below. Asa result, the bottom layer cooled more 
slowly, causing it to shrink and crack into 
hexagonal columns. Duringthe mostrecent ice 
age, which ended about 11,500 years ago, glaciers 
eroded the top layer of the rock, exposing the 
columns beneath. Rising sea levels caused by 
warmer weather then began to wearthem away, 
creating the varying heights of the columns you 
can see today. 
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Lower basalt 
Formed by the first 
volcanic eruptions, 
these layers are visible 
as five dark bands of 
rock in the cliffs. 
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Multi-sided 
Most of the columns 
are hexagonal, but 
some have four, five, 
seven or eight sides, 





OID YOU KNOW? The Giont’s Cousewoy was the first UK noturol World Heritage Site to be documented using 30 laser scanners 


Upper basalt ; 
Further volcanic activity a hn 
formed a third layer of Ct, aa ee Cr mt ) ! 

. ts | a ral . basalt. This has since worn ff é (il Ly a ! a tee ae; : legend, 
— . away on the causeway but a ““ a ee ee 
Middle basalt can be seen inland. ) | anya . mee) =s a8 WOS 
A second phase of | in | in 2] aa) = Q 
volcanic activity poured a~ af—e|a—8 ae C e lant 
lava onto the surface, — 


oe a amelell 


causeway's columns. 
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A watchful eye 

Some columns have been 
eroded to become completely 
circular, earning them the 
nickname ‘giant's eyes" 


Big and small 

The columns vary in size 
depending on their 
cooling rates. The slower 
the lava cooled, the larger 
the columns created. 
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Hexagonal black basalt 
columns interlock to 
form the causeway 





The individual dames of Kata Tjuta farmed 
When rain and groundwater carved deep 
erst o Res ]OL ae Mg ee cso 





Flaky surface 
Close up, the surface of 
Uluru is grey, with a coating 
of red flakes of rock. The 
flakes’ colour is due to the 
iron in the rock rusting. 


















Uluru and 
Kata Tjuta 


Standing proud ae the flat horizon of 
the Australian outback are two enormous 
sandstone and rock formations named 
Uluru and Kata Tjuta. They may looka 
little out of place but they have been there 
for millions of years, forming asa 
result of geological 
processes. 
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Rocky HIStOFY sxe How did the magnificent Uluru and Kata Tjuta rocks form? 
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550 million years ago 500 million years ago 400 million years ago 400 million years ago 
Rainwater eroded the mountains in the The aréa was covered in a shallow sea. 4 The sea receded again, and the rocks (continued) 
Petermann Ranges, depositing sediment seabed of sand and mud compressed the started to fold and tilt under the The rocky fan tilted by about #0 degrees, 
in two fan shapes, one of sand and one of fans, turning the rock into conglomerate immense force of the Earth's shifting becoming Kata Tjuta, The sandstone fan 
rock, onte the surrounding plain. rock, and the sand into arkose sandstone, tectonic plates. tilted almost 90 degrees, becoming Uluru. 


104 


J 


OID YOU KNOW? Uluru ond Koto Tjuto ore owned by the notive Aboriginal people, but they lease the oreo to Porks Austrolia 
















| The Pinnacles we | = 
@ Desert was oncea * ra & | _ : | ne ——< 
fF bigsiab or imestone Pinnacles Desert | | 
thathas sincebeen ga | ] - : 
eroded into pillars = These limestone pillars, rising up to five metres out i. 
Beye’ ofthe sand of the Nambung National Parkin 


Western Australia, were formed from seashells. 







be The exact process isstill debated, but itis thought 
A 4 ; that over time, rain dissolved the calcium 






carbonate in shells to form lime-rich sand. This 
was carried by wind and waves to form dunes, 
which later dried outtoformlimestonerock. @ 
Plant roots and water gradually forged cracks in 
the limestone, leaving behind the separate 
pillars you can see today. 
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Some layers of Uluru's 
wee rock wear away faster 
Seer «thanothers,leavingparts J 
wie of the surface coveredin §f 
parallel ridges. 
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Wave Rock 
ae This granite rock was buried by soil, it became acidic and dissolved the 
a > s —— exposingthetop.Asgranitedoesnot baseoftherock. Thesoil hassince 

. ih eo aoe oY Tut. rt a me j et + | erode easily, thetopremainedintact, eroded away, exposing the15-metre- 
te) eb! aw {— al butasrain moistenedthesoilbelow, tall overhanging wave. 














1. = “a5 7 : 
The Devil’s Marbles 
These boulder stacks began to form millions of 4 
years ago, when magma was forced up through 


fractures inthe Earth's crustand hardened into 
granite. When the sandstone layer above the 


jan ae 3 





granite eroded away, the granite expanded and 
| | . cracked into cubic blocks. Weathering and 
900,000 years ago ____ temperature fluctuations caused the blocks to 


| 
© UL plat tae RT pe 


As the climate became drier, wind-blown | | ee 
sand partly filled the valley between the expand and contract, shedding their outer layers 


two slabs of rock that were now Gee toreveal rounded boulders. 
protruding from the surface, | 









Ome 
hoodoos 
form? 
From flooded canyon to rocky 


pillars, discover how erosion 
shaped these rock towers 





Hoodonos are 
Typically found rising up from the bottom of arid drainage Bue tak: Uy ela 
basins or badlands, hoodoosare tall spires that have been eanlenahiee 
carved out ofrock over millions of years. They range in height ee 
from 1.5 to 45 metres, and are often striped with the different SIR A 
colours of the rock types that make up their layers. It’s these neal 


layers that help to prevent these seemingly impossibly 





























balanced stacks from collapsing, as hard rock on top protects hh 
the softer lower layers from erosion. Although most hoodoos ‘ , 
began life as canyon walls, others have formed in aslightly ie 
Empty canyon 


different way. The famous Fairy Chimneysin Turkey's 
Cappadocia region are the result of volcanic eruptions that 
rained downash, which 
hardened intoasoft gecjuys 
porous rock. This ) 
rock was covered 
with a layer of basalt, 
which eroded into 
mushroom-shaped 
caps, protecting it 
from the elements. 


A vast lake drains away, leaving behind 
a canyon with a layer of sediment at 
the bottom. 
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+ 28 Receding walls 

i 4 ek §6Water seeps out of the lower rocks, 
r taking rock material with it and 
eroding away the walls. 






Erosion rates 
The hoodoos are made up of Hs 
different rock types, which 2 
erode at varying speeds. The é a 

thinnest parts are mudstone, 
which erodes easily. 
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Eventually, the neck of a) = = a 
the cone will erode toa " [ ie 3 i= 
point where the cap falls a1 7 TY , my? 
off. The remaining pillar a, | —" | , ce 
will then disintegrate. “ rill | iy 
re, ( | me 
> a | ti f J 
i ae | iE = . J 
, eB 
Vertical cracks me 
Acidic rainwater widens cracks, and ; . 
expands and contracts as it freezes ' . 


and thaws, eroding the rock further. j . 4 


Protective cap 
The harder layer of rock on top | 
protects the softer layer beneath it 4 ! 
From eresion, forming tall hoodogs, ‘ | 





O10 YOU KNOW? Visitors to Turkey con stay in The Forry Chimney Inn, o hotel corved out of an ancient hoodoo 
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It may look like a crooked chimney spewing 
smoke into the cold Antarctic air, but there's 
no fire to be found inside this strange 
structure. Instead, you'll find a cave, carved 
out ofthe ice by the heat from the nearby 
Mount Erebus volcano. The steam rising from 
these caves instantly freezes as it hits the 
sub-zero air above, forming a hollow tower of 
ice above. The scientific name for these 
features isice fumaroles-a fumarole being 
any volcanic vent that ejects gas orsteam. 
They can be found all over the world, and 
even on Mars, but onlya few places are cold 
enough to turn their emissions to ice. 


ee 


Mount Erebus 

This 3,200-metre tall 
volcano in Antarctica is 
surrounded by hundreds 
of ice furnaroles, 
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reach heights of 18 metres 






Search for life 
The ice caves beneath the 
towers are of interest to 
scientists, as they may be 
home to many as yet 
Undiscovered species, 
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A lend of ice 
and fire 


Despite being located in the centre of a stationary 
tectonic plate, Antarctica still manages to be a hotbed 
of volcanic activity. This is all down to the West 
Antarctic Rift, an area where the tectonic plates are 
slowly moving apart. Along this rift, the Earth's crust 
has thinned, allowing magma to rise to the surface 
and create enormous volcanoes. While many of the 
volcanoes are now extinct, others are still ejecting hot 
gas and lava, with the most active being Mount 
Erebus on Ross Island. Mount Erebus is one of only a 
few volcanoes to have an open lava lake. While the 
central crater on most volcanoes is covered witha 
solid slab of cooled molten rock, the one on this 
volcano is uncovered, exposing the hat magma inside. 
Several low-level eruptions occur every day, ejecting 
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scorching lava bombs onto the surrounding landscape =o fii 
as a result. : == - 2 -: 
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Among the pine forests of Crook 
County, Wyoming, stands an 
enormous lump of rock reaching 
high up into the sky. Knownas 


Devils Tower, itis so awe-inspiring a 
nih that in 1906, President Theodore E- ! 
Roosevelt established it as the t om 
United States’ first national ; Columns | 
monument, but no one quite ¥ | The Tower's almast Ls € 
lenows how it formed. What we do ( | vertical columns were 
se formed as magma cooled 
know isthat itis made from | Sil caneensad ints 
phonolite porphyry, an igneous f : © igneous rock. 
rock that is formed when magma ‘4 r 
cools and crystallises. In this case, | : a, 
as the magma cooled, italso ; Pac we Ae Q - 
contracted, crackingtherockinto = me tg 7 . ’ é _" R | 
_, the polygonal columnsthat now , ee ; me Ne 


make up the Tower. Most 
geologists agree thatthe rock 
formed when magma rose up into 
the surrounding sedimentary 
rock, but there are three possible 
theories for how this happened. 


ee 


Theory 1 - Volcanic plug 
The rock is the neck of an extinct volcano or a plug that 
lay beneath it, Although there is no evidence of volcanic 
activity, such as ash or lava flows, in the area, this 
material could have simply eroded away. 
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Theory 2 - Laccolith 
The Devils Tower is a laccolith, a large, mushroom- 
shaped mass of igneous rock, which spreads between 
the layers of sedimentary rocks beneath the Earth's 
surface. The rounded bulge on top has eroded away. 














\ — Erosion continues 
The Tower is still eroding 
today, and the land 
surrounding it is littered with 
. rocks and rubble that have 
all fallen from the stucture. 


Theory 3 - Stock 
Magma beneath the Earth's surface cooled and 
crystallised to form the lump of rock you can 5ee6 today. 
Over time it was exposed by erosion wearing away the 
rock above it. 


OID YOU KNOW? Devils Tower is officially missing an apostrophe, as it wos omitted ino proclamation signed by Roosevelt 
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yearsazo when dinosaurs walked the Earth, and their 
footprints can still be seen. in the rock today. The Wave began 
_assand eth ect which were compacted and solidified to 
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Teme MB RSi=) laciieseaie Tg 80 mineralsinto the rock to 
create the colourful stripes that swirl through it. When the 
water dried up, wind erosion took over, and continues to 
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Mono Lake in California has one of the 
most impressive tufa displays 


The bizarre cauliflower formations that 
Sprout when conditions are just right 


They may look like the flowering head ofa popularvegetable, but these 
alien-like structures are actually known.as tufa. They form underwater in 
alkaline lakes, such as California’s Mono Lake, at the site of freshwater 
springs rich in calcium. When the calcium comes into contact with 
carbonates in the surrounding water, calcium carbonate forms, also 
known. as limestone. The limestone settles on the lake bed, and as more 
and more is deposited, a tower begins to grow. Most of these structures 
remain obscured by water, but in lakes where the water levels have 
dropped, they become visible forall to see. 
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The spectacular secret treasures that have been 
srowing beneath Mexico for 500,000 years 


When miners broke through the wall ofa Mexican 


silver mine, 300 metres underground in the year 


2000, they could never have expected the site that 


greeted them. Enormous, translucent beams of 
crystal towered above them, criss-crossing from 
either side ofa sweltering cave. Normally flooded 
with water, the mining company’s pumping 
operations had made the cave accessible to 
humans for the first time, uncovering the largest 
natural-grown crystals ever found. 

The reason why the crystals had been able to 
grow so large is because of the precise conditions 


inside the cave, Lying above a magma chamber on 


an ancient fault line, the water inside the cave, 


which was rich in the mineral anhydrite, had been 


keptatasteady temperature of 58 

degrees Celsius. At this temperature, 
anhydrite slowly dissolves into 

eypsum, a soft mineral that grows 

into crystals. These conditions have 

prevailed for the past 500,000 years, 

allowing the gypsum crystals to grow to 

their impressive heights, but have also 

made the cave inhospitable. The high 
temperature and humidity means that 
humans can only survive inside for short periods 
of time, even when wearing suits lined with ice 


and carrying a breathing system that feeds cold air 


into the lungs. 


With studies of the crystals still ongoing, there is 
currently some debate about what to do when the 
Naica mine closes. Geologists must decide whether 


to continue pumping out the water to allow 
to the cave, or letit flood againso thatthe crystals 
can continue to grow. 
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Ancient bacteria 
Researchers took samples 
of some of the crystals in 
order to identify any 
bacteria that lived in these 
extreme conditions. 


Crystal breeding 

A maqma chamber beneath 
the cave heated the 
mineral-rich water to a stable 
50°C, providing ideal 
conditions for crystal growth. 


OID YOU KNOW? The lorgest crystal found in the Mexicon cove Is 2o times bigger thon ony other known crystol in the world 
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Cooling suit 

In order to explore the 
cave, scientists wore 
special suits lined with 
refrigerating tubes, as well 
as breathing apparatus. 
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Cave by numbers 


Unbelievable stats about the 
deadly cave of wonders 
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Deadlier than an “* 
asteroid strike, 
these massive {4 
formations have 

the potential to 


ERaM Mele) ea ete sneL stele vm elses big Ole) a 
chaos of spring 2010 when 
Eyjafjallajokull, one of Iceland's largest 
volcanoes, erupted after almost two centuries of 
peaceful slumber. 
Suma a Cet eR Mette del eR nee mee melee 
MODES (OCSMRN TER MOL =B ONT PURBUNLNM Pes H eaten may 
WDEPRPIOLOLU RAIL IMesL Pict ole PRON Se Mslts Teen ens] mene eLe)i) 
was tiny compared toa super-eruption’s 
devastating power. The Eyjafjallajokull event 
measured a mere 4 on the Volcanic Explosivity 
Hitech Ae DPCM echo ATS ee cdma) mee] eU ea Es 
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JOR EOM FOES ela bu im eiets BCom anes ed Atom of Rega) Es hoimm ey | 
MOCme at SMe Cee Oe Genesee nan Te 
civilisation. Such a super-eruption would spew 
SMM ete ecM esteem Melee Rone) Coma ene sime se eto nM lee 
miles) of ejecta-ash, gas and pumice - within 
days, destroying food crops, and changing the 
re) ete RMnRePeshCoB Onl mrss bee 

CUNO ls Cer M ela (SPM Nee MMO} A) else Bn 
CRO CPO MIE Ce las Time me ees kod a 
10,000-100,000 years. That's five times more 
Mie CCU eR MORI Nm elfen ee nen 
threaten humanity. Scientists say there's no 






Atel eT MoM eat Le ODOC ea nee Cee BOTT NT NNEN T=) OLme) OLE 
humans will face nature's ultimate peological 
catastrophe one day. 

Asupervolcano is simply a volcano that’s had 
NOTES MANO) Cceci Need nee TH EOE es) anne T Se 
INV ALSIMTO)(WTRe ees teem ae ed Mes (mA em Ce) Onn O TB LADA 
of years, but wait tens of thousands of years 
between major eruptions. The longer that they 
remain dormant, the bigger the super-eruption. 
Seats hae) sO sane ma Cesee Rn ele ccmes Penge) 
shaped hollow called a caldera, although not 
every caldera houses a future supervoleano. 





010 YOU KNOW? Woter heated under Yellowstone couses the pork's mony geysers 






Inside a supervolcano 
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Predicting the next super-eruption paar 


Volcanologists at the Yellowstone Volcanic through underground fractures, causing Ce te buile ees 
Observatoryare among those studying rocks to break. The ground historically Seeger ae ee 
supervolcanoes. They hope to have rises before eruptions due to upwelling 

decades or centuries to prepare fora magma. For example, the north flank of 

super-eruption. Warning signs could US volcano Mount St Helens rose bya 

include the ground bulgingandcrackingas staggering 80 metres (262 feet)in198o. VlAGMA RISES 

hot rock muscles to the surface, an increase scientists constantly keep track of Earth tz MILLIONS OF YEARS 
insmall eruptions and earthquakes, and movements using networks of satellite GPS fagmatormswhenrock deepi 
changes in the gases escaping the ground. receivers, Like GPS in cars, these monitor aTULIQUEHes and PUSHES MOUs! 


scientists analyse earthquakes by the receiver's location on the ground. 
measuring ground vibration with Another satellite technology, InSAR, 
seismometers. Earthquakes oftenincrease measures ground movement over large 
belore eruptions as magma and gastforce areas once or twice annually. 





i ROCKS, GEMS & FOSSILS 


Vives teemeR UPR e este eRe teats 
MH HNTHL RASH TORT ORGS MeL PD aM ecae TM Gaa ites 
AU e MUR CecN AT TMM e ONE LC Ce te) ec ss 


er ; sal 


z 


The fallout 
following 
a super- 
eruption 


Asupervolcano erupting today 
could threaten human 
civilisation. Clouds of molten rock 
and iridescent gas travelling 
three times faster than motorway 
cars would obliterate everything 
within 100 kilometres (60 miles) of 
the blast. Dust would spread 
thousands of kilometres, blotting 
out the Sun. People’s unprotected 
eyes, ears and noses would fill 
with needle-like ash, which can 
pop blood vessels in the lungs 
and kill by suffocation. 

Up to.o.4 metres (1,6 feet) ofash 
could rain down each hour, 
collapsing roofs, poisoning water 
supplies and halting transport by 
clogging car and aircraft engines; 
justa few centimetres of ash can 
disrupt agriculture. The1815 
eruption of Indonesia’s Mount 
Tambora caused the ‘year 
withouta summer when 
European harvests failed, 
bringing famine and economic 
collapse. Financial markets could 
be disrupted and countries 
swamped by refugees. 5ome 
scientists say a Yellowstone 
super-eruption could render 
one-third of the United States 
uninhabitable forup to two years. 
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The supervolcano simmering under 
PMCs mite litle ache etme I CR ebeya 
is probably the world’s most studied, 
but super-eruptions occur $0 rarely 
CMC e Ce an 
VF eA UA wE Aneta arye ein lam aits 
ERIM Bi iR cee melt M1 Mee) Beat 
debris from these ancient super- 
eruptions has worn away. Eruptions 
VU PCR Oi etem eel lCm ele teem meer eel 
intervals and scientists are unsure 
ve mae eet eee 

Supervolcanoes, like all volcanoes, 
occur where molten or partly molten 
eee ta es PULOM UTE aaiE MOREE es Tae 1a bj) e 
to the Earth’s surface. All 
supervolcanoes break through the 
dutta eel aerimme ts |@ie ena =e we een ee 
The Yellowstone caldera sits on a hot 
jale) Me BLT eet C=O MPS INET OMe s) mae eee 
dutec[e) OOM Essa ile R eet w anes Tele tema ercle 
lies below the Earth's crust. Blobs of 
molten mantle rise from the hot spot 
ca) cH eRe aoe ees ees eee) dm 
fa ne gee ee 

Other supervolcanoes like Lake 
Toba in Sumatra, Indonesia, lie on the 
edges of the jigsaw of plates that make 
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Huckleberry Ridge 
2.1m yrs ago 
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Yellowstone 
Lava Creek 
610,000 yrs ago 
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Valley Caldera 
760,000 yrs ago 
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up the Earth's crust. Near Sumatra, 
WERE Re am UNE Rabe ier Time lms: bine 
being pushed underneath the crustal 
Ema ORT eect) owe e melee ele 
the ocean plate melts to form magma. 

Vast quantities of magma are 
sre UM COMBE le Ciera m eee ed Beery ECs 
scientists believe that supervolcanoes 
are ‘super’ because they have gigantic, 
SORTA Tesi Re aris ace ates med 
hold volumes of up to 15,000 cubic 
lcilometres (3,600 cubic miles) and 
grow for thousands of years. Magma 
chambers are underground pools of 
accumulated magma that erupt 
through cracks to the surface. 
Volcanoes with smaller chambers 
expel magma before enough pressure 
builds for a supersized event. 

some scientists speculate that hot, 

flexible rocks surround supervolcano 
UNE CEAUUEs Mel OEs Pits acme Tee eT Rae) 
VAM Ce es MMO) TST OETA Per CeB Nee Cem etre tree 
The rocks are kept malleable by blobs 
of magma repeatedly welling up 
eanyeam als Le 
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fractures in the chamber roof, The 
eruption is violent because 
Mee eee eee 
trapped gas bubbles, which expand 
EVAR ete EB Ls Le) ae) e LON mt 8) Costl0) eee 
at=E=y aug) a Cea B EET a Pacem en ites) a cena y eee 
champagne bottle. The magma isalso 
sticky and unable to flow easily 
ul=tw:)0h-|-B imc B OnE Ue Bere Pace ve NLL eate 
continental crust. This isin contrast 
toa volcano such as Mauna Loa in 
SEM UTEP Uebel om ele ute elon betel Lm Eek: | 
Wesel Bie wnt meine ena 
contains little gas. 

Hot fragments and gas soar to 
heights of more than 35 kilometres (22 
uNUt Cou] Ri Pelemcg el asss eRe elses eee el] 80 tts) com 
Some of the fragments drift down and 
blanket the ground like snow. Other 
hot fragments rush downhill for 
TiOPeteRCe-eecie Lt eW aw tel olen ei@ecresl 
speeds exceeding 100 kilometres per 
hour (62 miles per hour) as toxic, 
ACOLUN OC ee teeta ae Merete ee 
The magma chamber rapidly drains 
during the super-eruption, causing 
the roof above to sink into the empty 
space to (re-jform a caldera. 


VEI 7. Yellowstone 


Mesa Falls 
Raat te 
Pasi) at 


VEI5 
Pinatubo 
pho) | 
sie 


mW) 
Coens ce, 
re ay 
eet es 
bmg 
Le 
e 
Mis 
1 Cee 
Mount St | . 
aie At 


sLS sO Pa Ores | 


1 SR to 
Butte Inyo Craters,CA |— *# 
POR er Pele a 





Beneath Yellowstone National Park bubbles 
anactive supervolcano, Amagma chamber, 
lying as close as eight kilometres (five miles) 
to the surface in places, fuels the park’s 10,000 
jewel-coloured hat springs, zurgling mud 
pools, hissing steam vents and famous 
geysers like Old Faithful. The 8,897-square- 
kilometre (3,435-Square-mile} park includes 
the volcano’s caldera, which spans 4,400 
square kilometres (1,750 square miles}; that’s 
big enough to cover the emirate of Dubai. 

Thesupervolcano is fuelled by a ‘hat spot’, 
a plume of hot rock rising from hundreds of 
kilometres below the Earth’s surface, Hat 
spots act like gigantic Bunsen burners, 
driving catastrophic eruptions by melting the 
rocks above them. Scientists remain 
uncertain why hot spots form; they're not 
found at the edge of Earth’s crustal plates and 
most volcanic activity happens where these 
plates jostle against one another. Since the 
hot spot formed around 17 million years ago, 
it has produced perhaps140 eruptions. The 


Six known 
supervolcanoes 
1 Lake Toba, 

Sumatra, Indonesia 
2 Long Valley, California 
3 Lake Taupo, New Zealand 
4& Valles Caldera, New Mexico 
§ Aira Caldera, southern japan 
6 Yellowstone National Park, 
United States 


KNOW? Our Solar System's most powerful volcono ts Loki, which ts located on Jupiter's moon Io 
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Geysers like Old Faithfula 
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North American crustal plate hasslid 
southwest over the stationary hotspotlikea 
belt ona conveyor leaving a 560-kilometre 
(350-mile} string of dead calderas and ancient 
lava flows trailing behind. 

There have been three super-eruptions 
since Yellowstone moved over the hotspot: 2.1 
million, 1.3 million and 640,000 years ago. 
Each eruption vented enough magma from 
the voleano’s storage reservoir to collapse the 
ground above into a caldera, The first and 
largest eruption created the Huckleberry 
Ridge Tuff, more than 2,450 cubic kilometres 
(688 cubic miles) of volcanic rock made of 
compacted ash, The eruption blasted a huge 
caldera perhaps Sox 65 kilometres (50x 40 
miles) in area and hundreds of metres deep 
across the boundary of today’s national park, 
The most recent caldera-forming eruption 
blanketed much of North America in ash and 
created today’s Yellowstone Caldera. Hot gas 
and ash swept across an area of 7,770 square 
kilometres (3,000 square miles}. 
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Take a closer look at the 
molten material ejected 
by volcanoes 


eneath the Earth flows molten rock known as magma. 
When a volcano erupts, the resulting explosion shoots 
HA ERUI aE ROIGTAORMO Cee Oe e Ngai Tee ere Tima els 
WEE Ra eM Oia eee ei MeM Slee e HE RONE TM mel bCcigctlm 
between magma and lava; the terms merely distinguish whether 
iTcaASTe UM OMe AEA e Loos GUM] elem Otel ees Mom ec Letcro be Leste E fe 
Wacche iO ecmtTiel Ss MON sete AOR M die tH At er RETA Uel entice at) aia ele 
Se RIRECHAI Mest e MSV UT MOMA WU IMURE Rc EtgleCe Ghar AUD URC e bse eR 1ed ce 
(2,000 feet) into the air. 
Lava can reach temperatures of 700-1,200°C |1,300-2,200°F) 
FLSA M a IERMe] HMO RS e NMS EAM oun erate ERs j 
hottest to coldest, respectively, This viscous liquid can range 
from the consistency of syrup to extremely stiff, with little or 
no flow apparent. This is regulated by the amount ofsilica 
TRG tee EM EPR pISUeN Tb sm aoe) ASN ae eup bales Bescci | abet sa pues] 
Hae mcrae yim PELE Eh UsE=\creldeEU) \aenls) (crc tele ae 
Cre eH Bie Ce guetBr tei ia gel ele 
Inside lava are volcanic gases in the form of bubbles, 
which develop underground inside the magma. When | 
the lava erupts from inside the volcana, itis fullofa 
slush of crystalline minerals (such as olivine). Upon 
SoM S SMUT UMeelcails [Pl epic cEslt Su (ett) | 
volcanicglass. Differenttypes of lava have iy 
different chemical compositions, but most havea’ 4 
high percentage of silicon and oxygenin al 
addition tosmalleramountsofelementssuch 
as magnesium, calcium andiron. ia 
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4, Lava 

This causes the bubbles 
to expand rapidly, 
Allowing magma to 
escape In the form of lav 


3. Fracture 

The bubbles rise and carry 
the magmaand, asthe 
Dressure increases, the 
rock of the volcanocan 
eventually fracture. 


Occasionally these gas 
bubbles can beso large 
and numerous that 
they increase the gas 
pressure substantially. 


1. Bubbles ee 
The magma underground | Sn oe 
contains pas bubbles, kept | < “ : 
fromexpanding bylayer ey 
after layer ofrock. 
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EMEA L PEs) cee Ta ceere Mel Mel imal T ame ttle rcit 
destructive natural hazards, with the 
PLUS ACO RIGS tece mete Pm ee rash e 
enormous tsunamis that wash away everything 
in their path, and cause a devastating loss of life. 
McNA MOE TM = sD RGR OL esd Cote UNTMN st teiss O10) W sd oe 
its unpredictability, as a huge quake can strike 
GPA cl aTeb iad che rcees i eTeeeea RU baa Mele Bats Peete BLO) 
ANC CSMES Ee =] M ents b(R MB OLSLF eR cael e Mam eaten mielsly 
iV CC EPO eee DE Reed MNES CMG OTTER Le 
Him eet Uleertenn Re Tiemerm Lela ace 
PWiteRCHTRURKO eR Me Res ep ets heee ante aE en Ole 
Mame CROOMO NORINCO Rca ciel OS) lCecB its lesles 
constantly moving. Thisis caused by heat from 
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gas core of the Earth creating convection currents 
eM Aasparted sla Cee( PMc ema e eae Okun eR] baby 
the plates in different directions. 

CRAP e ee B Ue om aie mO) NT a Ceme) ILM T ee T CME 
PIN Stei Mar MORO LG sa met PEM MN met toe see De lance 
creating faults where the majority of earthquakes 
occur. At divergent or constructive plate 
boundaries the plates are moving apart, causing 
normal faults that form rift valleys and ocean 
BCU GLU R GE ICocW INO SR Gil yc Tae ess (Meenas 
UGE M MOOR USE e OMe) mele] e MMMM Re) icem ele TON ers D eee 
Met eMcer ees Dia el teen Tete eee nates 
colliding to form mountains or sliding below the 
SUEDE ROCF se tI E REINS Lele M et see OLE! 





Agel . a conservative or transform plate 
boundary, and involves the two parallel plates 
MHOCHEMO EMO] or MORON emi pe ces er Reel oesl eB ll 
Being able to identify these fault lines tells us 
where earthquakes are most likely to occur, 
bee em ees O LV ices PAO aoe 
WUC MMEUTTIA MUO Clacre Peo LU IOSTOL PPM Ot sete Re) ereT ay 
effects ofan earthquake, such as landslides and 
vcs BECHUR eee eine ree ene ee Lee T ean Raed 
cause of death and destruction during 
earthquakes is usually the collapse of buildings. 
Therefore, particularly in developed parts of the 
world, structures near to fault lines are built or 
adapted to withstand violent shock waves. The 


DID YOU KNOW? There ore 500,000 earthquakes in the world each yeor, but only 100,000 con be felt — 100 of them couse damage 


830k 


stimated number ol 
pet yel(sa aa ce Rentaastae 


Rate of movement a. . Yr ss, \. world’s deadliest , 
Plates move between 0-lOcm 7 i. aw. _earthque Le , 
F, (O-4in) a year on average. The 
fy San Andreas Fault zone is moving — 
at about 50mm (2in) a year - the 
speed your fingernails grow. 
















Types of plate 

There are two main types of 
crust: continental and oceanic. | 
_ Continental crust is less dense 
» and much thicker than oceanic. 





















Pacific Ring 
of Fire 

The plate boundaries 
around the Pacific : 
Ocean make up whatis | 
known as the Ring of 
Fire, an area where 90 
per cent of the world's 
earthquakes occur. 


Supercontinent 
Pangaea was asupercontinent 
_— Made up of almost all of the 
Earth's landmass. It began to 
break apart about 200 million 
years ago, eventually forming 
the continents we have today. 












surrounding population will usually carry out | | 
regular earthquake drills, such as The Great The Earth’s 
California ShakeOut, that gives people a chance to structure 
practise finding cover when a quake eventually Cut through the different 
hits. Unfortunately, many poorer areas cannot layers of our planet 


afford to be so well prepared, and so when an 
earthquake strikes, the resulting destruction is Seis 
often even more devastating and the death toll is Crust 
sph st The crust is the rocky 

usually much higher. outer layer of the Earth 

However, our knowledge of how earthquakes and is 40km (25mi) 
happen and the development of new technologies te Oty averane: 
are helping us to find potential methods for 


predicting when and where the next one will Lithosphere 
strike. Scientists can currently make general The lithosphere, which is 
guesses about when an earthquake may occur by coe penne Seen es 
. _ oo ea, In most places, includes the 
studying the history of seismic activity in the harder upper portion of the 
region and detecting where pressure is building mantle and the crust. Mantle 


The mantle is 
approximately 2,900km 
(1,800mi) thick and is 
made up of semi-molten 
rock called magma. 


along fault lines, but this only provides very vague 
results so far. The ultimate goal is to be able to 
reliably warn people ofan imminent earthquake 
early enough forthem to prepare and minimise 
the loss of life and damage of property. Until then, 


) Inner core Outer core 
being under the constant threat ofan impending The inner core is made of The outer core is a liquid 
fee Fhesis liv lanitthe barh' schiaiatl ti temperatures of up ta and is about 7,000km 

or those living along the Earth's constantly active 5, 500°C (9,930°F). (1,.430mi) thick. 


fault lines. 
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Fault lines Mountain formation 


When two continental plates 





Anatomy 





: How the Earth's crust collide along a reverse (thrust) 
, moves along different fault, the Ea rth’s erust folds, 
| plate bounda ries pushing slabs of rock upward 






to form mountains. a 
Spee ae e e 

Southwest Asia formed as 

a result of the Indian Plate 


Ca rtha lia ke 
and Eurasian Plate 


How earthquakes are | Te 
caused and shake the ~~ ae Pe 
esround beneath our feet 


Earthquakes are caused by the build-up of 
pressure that is created when tectonic plates 
collide. Eventually the plates slip past each other 
and ahuge amount ofenergyisreleased,sending —R 
seismic waves through the ground. The point at 
which the fracture occurs is often several 
kilometres underground and is knownasthe 
focus or hypocentre. The point directly above it 
on the surface is the epicentre, and thisis where 
most of the damage is caused, Earthquakes have 
different characteristics depending on their type 
of fault line, but when they occur underwater, 
they can sometimes trigger enormous destructive 
waves called tsunamis. 





The East African | 
s Rift Valley is caused by the 
African plate gradually splitting,to 
form two new plates; the Nubian and 
: Somali Plates 


How earthquakes occur Rift valleys 
The build-up of pressure that causes the eet 


3 , when two plates 
ground to move and shake move apart. On 


continents a seqment 
of the crust slips 
downward to form a 


Friction causes 
pressure 





As the tectonic plates rift valley, 
are pushed past or 
into each other, 
eee Fe Subduction zones 
and causes a build-up Reverse (thrust) faults 
of immense pressure. between continental and 
oceanic plates cause 
= subduction, causing the 
Tsunamis higher-density oceanic 
plate to sink below the 
Energy is How underwater earthquakes trigger continental plate. 
released enormous and devastating waves 
When the pressure 
finally overcomes . ‘ Water Small Tsunami 
the friction, the displacement beginnings in disguise 
Mates will suddenty As two oceanic plates Small, rolling waves begin The tsunami's long wavelength 
fracture and slip past slip past each other and to spread outward from and small wave height - usually 
each other, releasing Cause an earthquake, a the earthquake’s epicentre less than Im (3.3ft) - means 
energy and causing huge amount of water at speeds of up to that it blends in with regular 
seismic waves. above it is displaced. 8O05km/h (500mph). ocean Waves, 





The process 
starts again 
Once the energy has 
been released, the 
plates will assume 
their new position 
and the process will 
begin all over again. 
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OID YOU KNOW? Tsunomis ond tidal woves ore different things as the lotter ts coused by grovitotionol activity, not earthquokes 


Earthquake waves 









4 . How seismic waves travel 
i | ia. 20 a e ~~ through the Earth's crust 
‘hs i £: aah ia} heta Lala etelt ” . Direction of 


F aT ime ht os rock movement 











Ocean ridges j | 

When a normal fault occurs | ‘ 
between two oceanic 

Mates, new magma rises | 
up to fill the gap and ] 


creates ocean ridges, \ 







Primary wave 
P waves travel back and forth Paik the 








strike-slip faults We dp Earth's crust, moving the ground in line 
* - When two plates slide 7% ' "sail with the wave. They are the fastest moving 
~ a past each other q - of the waves, travelling at about 6-llkiny's 






(3.7-6.8mi/s) , and so typically arrive first 
with a sudden thud. 


horizontally, this is known 
as. a strike-slip or 
transform fault. 







Direction of 
wave travel 


Secondary waves 
S Waves move up and down, 
perpendicular to the diréction of the wave, 
causing a rolling motion in the Earth's 
crust, They are slower than P waves, 
travelling at about 3.4-7.2km/s (2.1-4.5mi/ 
s), and can only move through solid 
material, not liquid. 





— Love waves 
q | Unlike P and 5 waves, surface waves only 
| move along the surface of the Earth and 

7, | | are much slower. Love waves, named after 

—_ | | | the British seismologist AEH Love, are the 
r | | faster of the two types and shake the 

ground side to side, perpendicular to 

direction of the wave. 





Starting to slow Waves begin to grow —_ Early warning The tsunami strikes 

As they reach the As they slow down, the A tsunami’s trough, the low A few minutes later, the 

shallower waters of the wavelengths begin to shorten, point beneath the wave's crest, tsunami's crest will hit the ail 
coast, the rising sea floor causing the tsunami to grow often reaches shore first, shore followed by a series of : 
causes friction that slows to a height of approximately producing a vacuum effect that more waves. This is known as a | 
the waves down. 30rm (LOOfFt). sucks coastal water seaward. wave train. 





Rayleigh waves 
Rayleigh waves, named after the British 
physicist Lord Rayleigh, are surface waves 
that cause the ground to shake in an 
elliptical motion. Surface waves arrive last 
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Monitoring 
earthquakes 
Earthquake-recording 
methods of the past 

and present 


Earthquakes are measured using an instrument 
called a seismograph, which produces a visual 
record of tremors in the Earth's crust. This shows 
the seismic waves of the earthquake asa wiggly 
line, allowing you to plot the different waves 
types. The small but fast Pwaves appear first, 
followed by the larger but slower 5 waves and 
surface waves. The amount of time between the 
arrival ofthe P and S waves shows how far away 
the earthquake was, allowing scientists to work 
out the exact location of the epicentre, The size of 
the waves also helps them determine the 
magnitude or size of the earthquake, which is 
measured using the Richter Scale. 
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Richter 
Scale 


Measuring the magnitude 
of earthquakes using US 
seismologist Charles F 
Richter’s system 


0-2.9 


There aré more 
than I million 
micro earthquakes 
a year but they are 
not felt by people, 
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3.0-3.9 

Minor earthquakes are felt 
by many people but cause 
no damage — there are as 
many as LOO,O00 of these 
a year. 


How a seismograph works 


Modern seismographs 
send small electric signals 
Gene pa eLeL eal ees gle Meee ee 
them on paper 


& 


4.0-4.9 
Felt by all, light 
earthquakes occur 
up to 15,000 times 
a Year and cause 
minor breakages. 


The clever device that 
records earthquakes as 


they happen 


Weight and spring 


A heavy weight is hung from a spring or 


string that absorbs all of the ground 





movement, causing it to remain stationary. 


Pen and paper 


The difference in position 


between the shaking 


paper and the motionless 


Weight and pen is 


recorded as wiggly lines. 


Base 
The base of the 


seismograph sits on the 
ground and shakes with the 
earthquake, also shaking 


the roll of paper on top. 





5.0-5.9 

A moderate earthquake 
causes some damage 
to weak structures. 
There are around 1000 
of them a year. 
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Laser beams are used to detect 
stnall movements of the 
ground in Parkfield, California 


Predicting earthquakes 


Modern methods that could help 


us plot future seismic activity 


Currently, earthquakes cannot be predicted far 
enough in advance to give people much notice, 
but there are some early warning systemsin 
place to give people a few seconds or minutes to 
prepare before the serious shaking starts, When 
seismometers detect the initial Pwaves, which 
don’t usually cause much damage, they can 
estimate the epicentre and magnitude ofthe 
earthquake and alert the local population before 
the more destructive 5 waves arrive. Depending 
on their distance from the epicentre, people 
should then have just enough time to take cover, 
stop transport and shut down industrial systems 
in order to reduce the number of casualties. 
Scientists are also enlisting the help ofthe 
general publicto help them develop early 
warming systems. The Quake-Catcher Network 
(QCN) is a worldwide initiative supplying people 
with low-cost motion sensors that they can fasten 
to the floor in their home or workplace. These 
sensors are then connected to their computer and 
send real-time data about seismic activity to the 
QOCN's servers, with the hope that earthquake 


warnings can be issued when strong motions are 
detected in any of these. 

To be able to predict earthquake further in 
advance, a characteristic pattern or change that 
precedes each earthquake needs to be identified. 
One suggestion is that increased levels of radon 
gas escape from the Earth's crust before a quake, 
however this can also occur without being 
followed by seismic activity, so does not provide 
conclusive evidence ofa earthquake. 

scientists are even trying to determine 
whether animals can predict earthquakes better 
than we can, but no widespread unusual 
behaviour has been linked to earthquakes. 
Other potential earthquake-predicting methods 
are being tested in Parkfield, California along the 
San Andreas fault. Among other things, 
scientists are using lasers to detect the 
movement of the Earth's crust, sensors to 
monitor groundwater levelsin wells, anda 
magnetometer to measure changes inthe 
Earth’s magnetic field, all with the hope that this 
will allow them to predict the next big quake. 


ny 


} KNOW? The earliest recorded evidence of an earthquake has been traced bock to 1831 BCE in China's Shandong province 
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Radar mapping 


One of the more recent developments in 
earthquake monitoring is interferometric synthetic 
aperture radar (InSAR). Satellites, or specially 
adapted planes, send and receive radar waves to 
gather information about the features of the Earth. 
The reflected radar signal of a fault line is recorded 
multiple times to produce radar images, which are 
then combined to produce a colourful 
interferogram (below). Each colour shows the 
amount of ground displacement that has occurred 
between the capturing of each image, mapping the 
slow warping of the ground surface that leads to 
earthquakes. This technique is sensitive enough to 
detect even tiny ground movements, allowing 
scientists to monitor fault lines in more detail and 
detect points where immense pressure is building 
up. It is hoped that this data will eventually enable 
scientists to tell when this pressure has reached a 
hazardous level, leading to more reliable 
earthquake predictions that give the public days or 
even weeks to prepare. 
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7.0-7.9 


4 loss of life and serious 
damage over large areas 
are the result of major 
earthquakes that happen 
around ten times a year. 


6.0-6.9 
Over 100 strong 
earthquakes happen 
each year, causing 
moderate damage in 
populated areas, 


' ee 
8.0 & higher 
There are fewer than three 
earthquakes classed as 
‘great’ each year, but they 
cause severe destruction and 
loss of life over large areas. 
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Dip your toe into aworld 
where geology and ee 
history go hand in Lee 


ound on Mexico's ees ey 
cenote (pronounced ‘say-no-tay” es Se rh Wid 
a really pretty sinkhole. vitae: rly aot: 8 
Thate(-atwaelietemes i gers Te eat iale| ysis ee ue . 
crystal-clear water and are used as bot , : ei hritie 
and diving spots for tourists peas.) f ‘ in 
enthusiasts, not to mention POC Ty 
incredible archaeological and cultura iP | 
for the Yucatan’s locals. | 

The Yucatan peninsula is Rogers te pba Teat 
PETE retina ar 3 
PUM a tat aas ttt) a (ests eM ECS oS d 
MNP TIN AGh ett ec| treble lela 8 bial By 
STS MMiectis times WBA ene oe lon est 
underground water systems in the world.’ 
essential waters have helped eee: i 
the Yucatan for thousandsofyears. \ — 

Fractures in the limestone bedre ck Oa , 
mvp bectetslcMie ti etl! Pact i been” 
TU slo Mesbadelevernidhtec (allel pal ic) Aner these. , 
cracks. This acidic liquid Ba ele: 
IOvA@ eb iterieejetompantes beter del ete eg tc te WE Eo 
larger and larger. Due to the Tere pnp Evite. > ( 
millennia more water filters through the rock ar ib | 
a cave eventually forms. This cave Ey doe Tee 
with the subterranean ie al es fag 
get oeee celibate e 

OPiS ab mast ist mabe: the i o 
Csr e serch ames Ve be) S i Beers od “ cel Haystcae] 
these ke aot une art r nd wi 







| 
fe ~ 


SeotsB ae te) an aa) Lt ata me) 2 
downwards for the moisture below. * - 
bh. are over 6,000 cenotes In the ot ce Fi 


noe easy tosee eas ancient wie 
Majors) (OSERcLO RAO LeieN as ww Pe TEEsLOUH) Frm ages Pte ccs! | 
OOM Oden Bias tesOA Nite Aula ie sh 


Pe 


‘NOW? Ahumon skeleton found in one cenote neor the Mexicon resort of Tulum was found to be 12,000 yeors old 


' | . ; 1 "tal . | a a 2 
a Ai iy i, a nin f i 
"y i fl RKE: | 


\ 48 oe hs \ ¢ i 


uh Hi 
(Mee 

My ae 
ide Tl td 


~ he water wears the 
limestone away to create 
great Covernous Chambers © 








mountain ranges 
L. Ural Mountains 


TYPE: Fold mountain ranpe in 
Russia and Kazakhstan 


2. Altai Mountains 
TYPE: Fault-block mountain range 
in Central Asia 


3. Tian Shan 
TYPE: Fault-block mountain range 
inCentral Asia 


4. Sumatra-Java range 
TYPE Discontinuous mountain 
range system containing active 
volcanoes, ranging the length of 
Sumatra (the Barisan Mountains} 
and java 


5. Serra do Mar 

TYPE Discontinuous mountain 
Tange system on east coast of 
Brazil, fault-block formation 


6. Transantarctic 
Mountains 

TYPE: Fault-block mountain chain 
that serves asa division between 
Eastand West Antarctica 


7. Eastern Highlands 
TYPE: Discontinuous fold 
Menta in range system 
dominating eastern Australia 


&. Himalayas 

TYPE: Fold mountain range 
system in Asia between India and 
the Tibetan Plateau 


9. Rocky Mountains 
TYPE: Fold mountain range in 
western North America 


10. Andes 
TYPE: Fold mountain ranpe in 
South America 
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The Hima layas are home to 
the world's highest peaks 


Lithosphere 

This rocky, rigid layer 
includes the oceanicand 
continental crusts and part of 
the mantle. Tectonic plates 
reside in this layer. 








_ How many 


ways can 
you make a 
mountain? 


S cuntains are massive 
landforms rising high 
above the Earth's surface, 
caused by one or more geological 
processes: plate tectonics, volcanic 
activity and/or erosion. Generally they 
fall into one of five categories - fold, 
fault-block, dome, volcanic and plateau 
-although there can be some averlap. 
Mountains comprise about 25 per cent 
of our land mass, with Asia having more 
than 60 per cent of them. They are home 
to 12 per cent of the Earth’s population, 
and they don’t just provide beauty and 
recreation; more than half ofthe people 


Continental crust 
The outermost shell of the planet 
comprises sedimentary, igneous 
and metamorphic rock. 





Fault-block mountains 
Fractures in the tectonic plates 
create large blocks ol rock that slide 
against each other, Uplifted blocks 
form mountains. 


Asthenosphere 

This semiplastic region in the upper 
mantle comprises molten rock and it's 
the layer upon which tectonic plates 
slide around. 


010 YOU KNOW? There is no universal definition of O mountain. For some it meons o peok over 300m [984ft] above seo level 


on Earth rely on the fresh water that 
flows down from the mountains to feed 
streams and rivers. Mountains are also 
incredibly biodiverse, with unique 
layers of ecosystems depending on their 
elevation and climate. 

One ofthe most amazing things about 
mountains is thatalthough they look 
solid and immovable to us, they're 
always changing and sometimes even 
growing. Mountains rising from activity 
associated with plate tectonics - fold and 
fault-block - form slowly over millions of 
years. The plates and rocks that initially 
interacted to form the mountains 
continue to move up to2cm (o.6in) each 
year, meaning that the mountains grow. 
The Himalayas grow about 1cm (o.4in) 
per Year, 

The volcanic activity that builds 
mountains can wax and wane over time. 
Mount Fuji, the tallest mountain in 
Japan, has erupted 16 times since 781AD, 
Mount Pinatubo in the Philippines 
erupted inthe early-Nineties without 
any prior recorded eruptions, producing 
the second largest volcanic eruption of 
the 2oth century. Inactive volcanic 
mountains -—and all other types of 
mountains, forthat matter-are also 
subject to erosion, earthquakes and 
other activity that can dramatically alter 
their appearances as wellasthe 
landscape around us. There are even 
classifications for the different types of 
mountain peaks that have been affected 
by glacial periods in Earth's history. The 
bare, near-vertical mountaintop of the 
Matterhorn inthe Alps, for example, is 
known asa pyramidal peak, or horn. 


Mountains made from below 


«— Volcanic 
These mountains are created 
by the buildup of lava, rock, 
~ ashand other volcanic matter 
during a magma eruption. 
~ Examples: Mount Fuji, 
Mount Kilimanjaro 











These types of mountain also form from. 
magma, Unlike with volcanoes, however, 
there is no eruption; the magma simply 
‘pushes up sedimentary layers of the 


This most common type of mountain Earth’s crust and formsa round dome- 





is formed when two tectonic plates 

smash into each other. The edges “ | came ij Mu Mountain, Ozat k Dome: 
buckle and crumble, giving rise to Be 

Keng mountain chains. | F 


sles: Mount Everest, Aconcagua — 





Pacer naemiatn 

are revealed through 

erosion of uplifted 
plateaux. Thisis. 
known as dissection. 

: ples: Catskill 

| Mountains, Blue 

r Mountains 


Fault-block mountains form when cracked layers of crust slide 

against each other along faults in the Earth's crust. Theycan be 

®) lifted, with two steep sides; or lifted, with one gently sloping side 
and one steep side, Examples: Sierra Nevada, Urals _ 








Mountains are home to12per 





cent of the world’s population 
Colliding plates experience , ‘“ 
crumplingand folding in the Volcanic mountains 
continental crust, forcing layers These mountains form when 
upwards and forming mountains. molten rock explodes up 
| through the Earth’scrustand 
can still bevolcanically active, 





Continental collision 
When tectonic plates collide, the 
continental crust and lithosphere on one 
plate can be driven below the other plate, 
known as subduction. 







o ‘at . 2°") =! ; 
a x . lta . 


" " 
7 Pie I" MH = 











ih Ma 
| oe i. - i 













alagmite | 
and stalactite\ 
formation 


Discover the development of these curious —— “Bie simplest CoVGdi Pace) UG eB GRA OL ee bee 
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Sta lactites Steady drops of water build these structures downwards ay =e i } 
and more Soil 1s transported Dy forces sucnas 


1 Water drops 2 Gradual build-up 3Layeruponlayer 4 Sturdier Baan : 
Water slowly filters Calcium carbonate is Straw stalactites form, speleothems | 
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through the many cracks carried inthe water-when where along and thin As more and more mineral sliahedacteteadterialerting J 

and pores in the rock until it meets the air, it solidifies deposit is built up with a deposits build up on the different mineral quantities and qualities 
it hangs a5 a drip on the to form a tiny solid ring hollow middle that water stalactite, it gets longer, cl 
cave ceiling. around the droplet. drips through. wider and more robust. 
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Stalagmites 
These formations slowly rise 
upwards from the cave floor 





1 Drops from above 2Rounded shapes 3 Slower ‘growth’ 4 Weather record 
As the same droplets that The shape of a stalagmite The floor formations don't Analysing a stalagmite can . 

form stalactites hit the is arounded dome. As build up as quickly as reveal its age. Layers will Trl pleats Tis Perey 
floor, calcium carbonate more drops hit the same stalactites, but the two be compact during wetter there is more organic 
solidifies to form the base patch of floor, the shape structures can eventually years and spaced apart for matter, or ‘humus’, present 
of a stalagmite. begins to build. meet to form a pillar, drier years. 
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Crater lake in the making 


We pick out four key stages in the 
development of a caldera lake 
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Dive in to the geology behind these bodies of 
water with an explosive past 


hen you look out acrossa 
mountain lake it can be easy to 
think it was always 80 serene, 
but this couldn't be further from the 
truth. From the shifting of Earth's 
tectonic plates to glaciers gouging out the 
land, the majority of these tranquil sites 
are the result of epic geological events. 

Crater lakes have the most epic 
beginnings ofall. While maar lakes are 
also the result of volcanism, forming in 
fissures left behind by ejected magma, 
they are generally shallow; Devil 
Mountain Maar in Alaska is the deepest 
at just 200 metres (660 feet), Maars aren't 
a patch on their bigger cousins. 

Crater lakes have very violent origins. 
During a mega-eruption, or series of 








Record-breaking lakes 

1 Highest navigable lake: 
Titicaca, Perus/ Bolivia 

2 Deepest: Baikal, Russia J 

3 Bippest lake group: 
Great Lakes, USA 

4 Largest crater lake: 
Toha, Indonesia 

§ Lowest: Dead Sea, 
Israel/Jordan 

6 Most northerly: 
Kaffeklubben Sq, Greenland 
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eruptions, the terrain becomes superhot 
and highly unstable, In some cases the 
volcanic activity isso intense that once 
all the ashand smoke clears, the cone is 
revealed to have vanished altogether, 
having collapsed in on itself. This leaves 
a massive depression on the top of the 
volcano known as a caldera. 

In the period of dormancy that follows, 
rain and snow gather inthis basin, 
sometimes aver several centuries, to 
create a deep body of water: Crater Lake 
in Oregon is the deepest of any lake in the 
USA, plunging to 592 metres (1,943 feet). 
Over time a caldera lake willreacha 
perpetual level maintained by a balance 
of regional precipitation and annual 
evaporation/seepaze. 


1. Volcano 

All volcanoes feature 

@ Crater to some extent 
at their peak, but lakes 
rarely get the chance 
to form because of 
geothermal activity. 

















2. Mega-eruption 
lf a voleano has lain 
dormant for a long time, 
or if there is dramatic 
tectonic activity, a much 
bigger eruption than 
normal might occur. 


3, Collapse 

Such a climactic event 
at the very least expands 
the size of the crater, 
however in more extreme 
cases the volcano’s entire 
cone collapses inwards 
to leave a caldera. 


4, Lake 

Over centuries, the 
magma chamber 

below the caldera turns 
solid. In the cooler 
basin, rain and snow 
have an opportunity to 
build up and form a lake, 


like it hot... 
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‘Voleanie oe can continue to simmer under 
the which he cpp once 
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lak hoe are barren though. Some are a slot more 
hospitable than others, supporting insects, fish, | 
| _right through to apex predators. But even ones 
} spewing out deadly gases and minerals can ae 
, s pport ecosystems. For oe ita in th ar of 
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1, Lush vegetation 

Huge coal deposits formed during 
the carboniferous period around 
300 million years ago, when 
steamy tropical forests flourished 
in Europe and the US. 















2. Swamp or flooded forest 
Trees, enormous fems and other plants 
grew profusely in swamps and flooded 

: forests. They sunk to the bottom of the 
S swamp when they died. 


When will Earth’s 
coal run out? 
No one knows exactly when we'll run 


out of coal, but its use has skyrocketed 
UND GU A) Mai sete h eee R ated eee doe biol! 






whopping 6.8 billion tons - that's the 
approximate weight of 4 billion cars—in 
2009 alone. Around 860 billion tons of 
coal remains unmined and major coal 
producers estimate supplies will last 
PLASM SBE OR let Leal ee ee: |e 
Despite this estimate we can't be 
sure that coal won'trun out sooner, as 
iA UaeCOM MC cICEr DI PPO Tews EMail Pea 
out to be hard to reach or bad quality. 
Worse still, we're uncertain how much 
coal is buried. India, for example, 
yf Cac] O ONE Cae @ UR TBCrtel ar el Bee 
SUT MM Cee eee meeN eer ak hs 
may develop better sources of energy, 
aCe) ORPE Raw T Estee Besa) wan ee ete 





ssential to modern life, around 40 per cent of the 
world’s electricity comes from burning coal. The 
| substance is used to make liquid fuel, plastics, 
concrete and even items suchas head lice shampoo. 

You might expect coal to be a high-tech material, 
because it has many sophisticated applications. But coalis 
simply a rock made from fossilised plants that died in 
swamps up to 100 million years before the first dinosaurs. 
Prehistoric plants captured energy from the Sun during 
their lives and locked it up as carbon in coal. We burn coal 
in power stations to release this ancient solar energy. This 
iswhy coal is sometimes called ‘buried sunshine’. 

Coalis mainly carbon and water. Carbon-rich coals 
contain little water and release lots of energy when 


Discover how your me 
plants that died before t 


3. Peat layer 4. Sediment 

The dead plants didn't layers 
completely decay The peat is buried and 
underwater because of squashed under sand, 
the lack of oxygen. mud and rocks when the 
Layers of partly Earth's crust moves, or 
decayed plants when sediments are 
accumulated to form dropped on the peat by 
soggy, spongy peat. rivers or the sea. 


is 
| * 

e dinosaurs 
burned. Low-carbon coals spent less time buried 
underground and contain more water and impurities. 
Coal ‘rank’ or quality depends on water and carbon 
content. There are four ranks: lignite, sub-bituminous, 
bituminous and anthracite. Up to ten per cent ofa coals 
weight comprises of sulphur, Modern power stations stop 
sulphur reaching the atmosphere. 

All the fossil fuels we burn - coal, oiland gas -are the 
carbon-rich remains of prehistoric organisms. We 
describe fossil fuels as ‘non-renewable’ because these 
ancient stores of energy take millions of years to replenish 
once used. Rapidly releasing carbon from storage also 
pollutes the atmosphere. A byproduct of burning coal is 
carbon dioxide pas, a major cause of global warming. 









OID YOU KNOW? Around 3% of the Earth is covered with peat, which moy become cool millions of years in the future 


Wind turbines 
feasts atiielyy 






5. Lignite 

The peat is crushed and water is 
squeezed out by the weight of 
overlying sediments. Eventually, 
heat and pressure underground 
turns the peat into a soft, brown 
ooal called lignite. 
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ae plants that formed coal died 
a long before dinosaurs 
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og . roamed the Earth 
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We can't power our civilisation with 
ancient plants forever. In the future, 
we'll harness energy sources that don't 
run outin human lifetimes. An example 
is capturing the Sun's vast energy with 
light-gathering solar panels, Covering 
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ij es panels could generate enough energy to 
o) £ power the world. 
» 3 Solar energy fuels the Earth's water 
ag = cycle, which keeps rivers rushing 
-£ downhill. This fast-moving water can 
ee spin propellers and generate electricity. 
6. Bitumi d - Tide and bobbing wave movements 
Sbiecenten real. can also drive electricity generators. 
Continued heat and pressure tum Movements of the Moon, Sunand 
lignite into soft, black bituminous coal 7. Open-pit coal mine Earth cause tides and won't stop 
toes “Eater: le 
because impurities and water ve sland Coa is dug wor an open pit Wind turbines area familiar sight on 
squeezed out. when it's found near the surface. breezy hills and huge turbine farms can 


also be built out at sea, The wind spins 
the turbine blades to generate 
electricity. Another energy source is the 
Earth’s core, which is as hotas the Sun’s 
surface. This heat can warm homes or 
penerate electricity. 
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ROCKS, GEMS & FOSSILS 









Obliterating the 
traditional . 
“~ perception of ~ «~ 
the origins and ~— 
evolution of ap Ce 
Earth, fossil: 
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OID YOU KNOW’? Fossils ore useful in targeting mineral fuels, indicating the stratigraphic position of coal streams 


Adpression 
A form of fossilisation caused by 


Resin 
Referred to as amber, fossil resin is a natural 


ee eee ee ra 
oOMoMmMmmMuUraion 
Biolmmutration isa type ot fossil 


compression within polymer excreted by trees and plants. As itis sticky that in its formation subsumes 
sedimentary rock, This type of and soft when produced, small invertebrates such as _ another organism, leaving an 
fossilisation occurs mainly insects and spidersare often trapped and sealed impression of it within the fossil. 
where fine sedimentis within resin, preserving their form. This type of fossilisation usually 
deposited frequently, such as occurs between sessile sleletal 
along rivers. Many fossilised organisms, suchas oysters. 
plants are formed this way. 
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Permineralisa 


y zs Dependent on climate and steiiidl 
conditions, deceased animals can 
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Atype ol fossilisation process 


Aprocessin which mineral deposits form recr Yst tallisation similar to permineralisation, 
internal casts of organisms, When a shelled creature ‘sshell, molds occur when ananimal is 
permineralisation works when an animal bone or tissue maintains its completely dissolved or destroyed, 
dies and then is rapidly submerged with original form butis replaced with leaving only an organism-shaped 
proundwater. The water fills the creature's acrystal-suchasaraponite hole in the rock. Molds can turn 
lungsand empty spaces, beforedraining and calcite =then itis said to into casts if they are then filled 
away leaving a mineral cast. be recrystallised. with minerals, 


= he origin of life on Earth is irrevocably 
| trapped in deep time. The epic, fluid and 

= countless beginnings, evolutions and 
extinctions are immeasurable to humankind: 
our chronology is fractured, the picture is 
incomplete. For while the diversity of life on 
Earth today is awe-inspiring, with animals 
living within the most extreme environments 
imaginable —-environments we as humans 
brave every day ina effort to chart and 
understand where life begins and ends - itis 
but only a fraction of the total life Earth has 
seen inhabit it over geological time. Driven by 
the harsh realities ofan ever-changing 


environment, Armageddon-level extinction 
events and the perpetual, ever-present force of 
natural selection, wondrous creatures with five 
eyes, fierce predators with foot-long fangs and 
massive creatures twice the size ofa double- 
decker bus have long since ceased to exist. 
They're forgotten, buried by millions of years. 
Still, all is not lost. By exploiting Earth’s natural 
processes and modern technology, scientists 
and palaeontologists have begun to unravel 
Earth's tree of life and, through the discovery 
and excavation of fossils - preserved remains 
and traces of past life in Earth’s crust - piece 
the jigsaw back together. 
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The fossilisation ofan animal can occurina 
variety of ways (see "Types of fossilisation’ boxout} 
but, in general, itoccurs when a recently deceased 
creature is rapidly buried bysediment orsubsumed 
inan oxygen-deficient liquid, This has the effect of 
preserving parts of the creature - usually the harder, 
solid parts like its skeleton - often in the original, 
living form within the Earth's crust. The softer parts 
of fossilised creatures tend not to survive due to the 
speed of decay and their replacement by minerals 
contained in their sediment or liquid casing, a 
process that can leave casings and impressions of 
the animal that once lived, but not its remains. 
Importantly, however, creature fossilisation tends to 
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be specific to the environmental conditions in which it lived 
-—and these in themselves are indicative of certain time periods 
in Earth's geological history. For example, certainspecies of 
trilobite are only found in certain rock strata, which itselfis 
identifiable by its materials and mineralogic composition. This 
allows palaeontologists to extrapolate the environmental 
conditions (hot, cold, dry, wet, etc) that the animal lived and 
died in and, in partnership with radiometric dating, assigna 
date to the fossil . 

Interestingly, however, by studying the strata and the 
contained fossils over multiple layers, througha mixture of this 
form of palaeontology and phylogenetics (the study of 
evolutionary relationships between organism proups}, 
scientists can chart the evolution of animals over geological 
time scales. A good example of this process is the now known 
transition of certain species of dinosaur into birds. Here, by 
dating and analysing specimens such as archaeopteryx-a 
famous dinosaur/bird transition fossil —both by strata and by 
radiometric methods, as wellas recording their molecular and 
morphological data, scientists can then chart its progress 
through strata layers to the present day. In addition, by 
following the fossil record in this way, palaeontologists can 
also attribute the geophysical/chemical changes to the rise, fall 
or transition of any one animal/plant group, reading the 
sediment’s composition and structural data. For example, the 
Cretaceous-lertiary extinction event is identified in 
sedimentary strata by asharp decline inspecies’ diversity — 
notably non-avian dinosaurs -and increased calcium deposits 
from dead plants and plankton. 

Excavating any discovered fossil in order to date and analyse 
itisa challenging, time-consuming process, which requires 
special tools and equipment. These include picks and shovels, 
trowels, whisks, hammers, dental drills and even explosives. 
There is also an accepted academic method all professional 
palaeontologists follow when preparing, removing and 
transporting any discovered fossil. First, the fossil is 
partially freed from the sedimentary matrix itis encased 
inand labelled, photographed and reported. Next, the 
overlying rock is removed using large tools up toa 
distance of 5-7.5 centimetres (two to three inches) 
from the fossil, before itis once again photographed. 
Then, depending on the stability of the fossil, itis 
coated witha thin glue via brush or aerosol in order to 
strengthen its structure, before being wrappedina 
series of paper, bubble wrap and Hessian cloth. Finally, it 
is transported to the laboratory. 
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By examining discovered fossils, it is 

pe a together a mee 
istory of the development of life on 

Earth over a geological timescale 
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| 12| CAMBRIAN | 542-488.3 Ma 

































The first geological period of the Paleozoic era, 
the Cambrian is unique inits high proportion 
“th ie of sedimentary layers and, consequently, 

a i - adpression fossils. The Burgess Shale 
ae \)\), Formation, a notable fossil field dating 

} fey from the Cambrian, has revealed many 
Pee!” fossils including the genus opabinia, 
hs, a five-eyed ocean crawler. 


11 | ORDOVICIAN | 488.3-443.7 Ma 
Boasting the highest sea levels on the Palaezoic era, the 
Ordovician saw the proliferation of planktonics, 
brachiopods and cephalopods. Nautiloids, suspension 
feeders, are among the largest creatures from this 
period to be discovered. 
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Anincredibly important time forthe 





development of life, the Devonian 
period has relinquished fossils 
demonstrating the evolution 
Pea SSP ee ae eee ofthe pectoral and pelvic fins of 
10 | SILURIAN | 443.7-416 Ma fish into legs. The first 
With its base set at major extinction event at ae ae ee apo 
the end of the Ordovician, the silurian fossils cand perkend seid dead Shearing 
found differ marked ty from those that pre-date plants spread acrossdry lands. A 


the period. Notable life developments include 
the first bony fish, and organisms with 
moveable jaws. 


notable find is the genus tiktaalile. 


OID YOU KNOW? The minimum age for on excovoted specimen to be classed os o fossil is 10,000 years 













3 | PALEOGENE | 65.5-23,03 Ma 


The first period of the Cenozoic era, the Paleogene 
. isnotable forthe rise of mammalsas the 

| dominantanimal group on Earth, driven by the 
Cretaceous-Tertlary extinction event that wiped 
out the dinosaurs. The most important fossil to 





5 | JURASSIC | 199.6-145.5 Ma 


Fossils discovered fromthe The period in Earth’s history when the 

cretaceous Indicate an supercontinent Pangaea broke up into the northern 

explosion of insect Laurasia and southern Gondwana, the Jurassicsaw 

diversification, with the first an explosion in marine and terrestrial life. The fossil 
ants and grasshoppers record points to dinosaurs thriving, such 


4 | CRETACEOUS | 145.5-65.5 Ma 










be discovered from this period isdarwinius, a evolving, as wellas the asmegalosaurus,anincreasein -- 
lemur-like creature uncovered froma shale Se dominance oflarge dinosaurs large predatory fish like a a 5 a. 
| quarry in Messel, Germany. | we) suchasthe colossal ichthyosaurus, as well as | ee i. ia 
2) tyrannosaurusrex, Mammals the evolution 4 7 > 3s 


increased in diversity, ofthe first birds— 
however remained small and shown famously by 







=] largely marsupial. thearchaeopteryx » 
fossil find. i 











ohuecpb —“S a 


7 | PERMIAN | 299-251 Ma 


Aperiod characterised by the diversification of 
early amniotes lege-bearing invertebrates] in 
tomammials, turtles, lepidosaurs and 
archosaurs, the Permian has yielded many 
diverse fossils. Notable examples include 
reptile therapsids, dragonflies and, driven by 
late warmer climates, lyoopod trees. 






| CARBONIFEROUS | 359.2-299 ANF) 


A. period of significant glaciation, the Carboniferous saw 
the development of fernsand conifers, bivalve molluscs 
andawide-variety of basal tetrapods suchas 
labyrinthodontia. Notable fossilised finds include the 
seed ferns pecopteris and neuropteris. 


Beginning and ending with an extinction 
event, the Triassic period's fossils show the 
| evolution of the first dinosaurs suchas 
The most recent period in Earth's history, Coelophysis, asmall carnivorous biped 
the Quaternary ischaracterised | animal. Fossil evidence alsoshows the 
by major changes in climate, . development of modern corals and reefs. 
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| aswellastheevolutionand 3 
2 | NEOGENE | 23.03-2.588 Ma Biueon cence 

| | humans. Due tothe 
Covering 23 million years, the Neogene period’s rapid changesin Le 
fossils showa marked developmentin environmentand  |§ $s ae 
mammals and birds, with many hominin climate (ie ice ages), 
remains excavated. The extinct hominid many larger mammal 
australopithecusafarensis-acommonancestor fossils have been 
ofthe genushomoithatofmodernhumans)-is discovered, including 
one of the most notable fossil finds, as those of mammothsand 


exemplified in the specimens Lucy and Selam. sabre-toothed cats. 


The animalkingdom | 
Discover the animal tree of life 
and how all living things co-exist 


in harmony The science, behind 


Big cat attack bioluminegcence 
These predators are far removed | 

from your furry household pet, 

and will do anything for a meal 


Glow-in-the-dark animals 
Adjust your eyes to a multicolour 
world of natural light 


cy ee 


Discover major oY a ie Invertebrate 


phyla . anatomy 
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The animal kingdom has 
approximately 35 phyla. 
Discover nine of the 





main ones now... 
Animals with a notochord A hard exoskeleton with jointed Molluses have a mantle cavity 
(primitive backbone). Vertebrates legs and a body divided into for breathing, which is often 
are chordates but they only have segments. It is the most diverse protected by a shell. But the shell 
a notochord as embryos, After phylum, with well over a million can be spiral, hinged or missing 
that it develops into a true spine. Known species on Earth, 


altagether = eg cephalopods. 


Nematoda 
Thread-like worms ranging from 
microscopic to several metres in 

length. They have a distinct head, 
with teeth or a stabbing syringe, 
and a simple intestine. 


OID YOU KNOW? Four out of every five animals olive today ore nematode worms 





Sort your 
life out! 
Te OUT: 
A brief quide to haw we 
structure all life on Earth 


Domain 
Kingdom 


























What proportion of 
species belongs , 
to each group: 


B® Arthropoda: 83.7% 
@ Mollusca: 6.8% 
Chordata: 3.6% 
Nematoda: 1.4% 





Platyhelminthes: 1.4% 
Annelida: 1.0% 





Cnidaria: 0.6% 
Echinodermata: 0.5% 
1 Porifera: 0.3% 
Others: 0.7% 








nthe fourth century BCE, Aristotle divided 

the world into animals and plants. The word 

‘animal’ comes from the Latin animalis and 
means ‘having breath’. Animals were all the 
living creatures that moved and breathed, 
while plants were the ones that stayed put. For 
over 2,000 years the living world was divided 
into just these two kingdoms. After the 
invention of the microscope and later the 
electron microscope, scientists came to 
recognise that single-celled organisms couldn't 
really be classified as animals orplants. 
Bacteria and another type of single-celled 
organism called Archaea are now counted as 
fundamentally different groups of their own. 
That leaves animals, plants and fungi as fairly 
recent evolutionary offshoots from the larger 
group of organisms with a cell nucleus, called 
the eukaryotes. 

The animal kingdom consists of the 
eukaryotes that are multicellular. Their cells 
are specialised into different types and 
erouped into tissues that perform different 
functions. Animals are divided into major 
groups, known as phyla, and each phylum has 
animals with a radically different arrangement 
of these tissues. All animals obtain their energy 
by eating other organisms, so they need some 
way of catching and 
digesting these 
organisms. But there are 
alot of ways of solving 
this problem. So, for 
example, the 
echinoderms, which 
include starfish, are all 
radially symmetrical, 
while the arthropods all 
have rigid, jointed 
exoskeletons. There are 
nine main phyla, witha 
couple of dozen much 
smaller ones containing 
all the odd and difficult to 
classify creatures. 
Indeed, between them, 





Annelida 
Roundworms with bodies built 
from repeating segments. Each 
segment has the same internal 
organs and may have bristles or 
appendages to help them mave. 


Cnidaria 
A body formed from two layers 
of cells sandwiching a layer of 
jelly in between. The outer layer 
has specialised stinging cells 
(cnidocytes) far catching prey. 


Platyhelminthes 

Very simple flatworms with 

no specialised circulation or 
respiratory system. The digestive 

cavity has.a single opening 
serving as both mouth and anus, 


Echinodermata 


Unusual because of their radial 
symmetry - usually fivefold but 
occasionally seven or more, Their 
skin is covered with armoured 
plates or spines. 


Porifera 
Very simple animals with no 
nervous, digestive or circulatory 
systems. Instead, nutrients and 
waste are carried through their 
porous bodies by water currents, 
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these nine groups account for more than 99 per 
cent of all animal species alive today. 

Ata first glance, some of the groups seem very 
similar. The annelids are segmented worms, 
while the nematodes are roundworms and the 
platyhelminths are flatworms. Why aren't they 
all just grouped together as worms? Even a brief 
look at their internal structure shows the 
reason. Flatworms have bodies that are left/ HPrReO Pe 
rightsymmetrical and their digestive system is 
just a simple sock shape with only one opening. 
Roundworms havea radially symmetrical head 
and a tubular digestive system that has an 
opening at each end. Annelids are even more 
sophisticated internally, with bodies made of Nemertea <q) 
repeating segments and distinct organ systems, 
The characteristics that separate these three 
groups of animalsare far more important than . cyt, 
the things that link them together. Being called Chordates Vertebrates 
a ‘worm’ just means that your body is longé — — ) 
thinwith no legs, afterall. Thatalsoappliestoa 
snake, and snakes clearly aren't worms. _ 

Snakes are vertebrates, of course, but aa 
surprisingly, the vertebrates aren't considered .¢ fe “i, ‘ ad 2 
a phylum of their own. Instead they are Foes ay 
grouped within the chordates. That's because 
the backbone itselfisn’t the most important 
distinguishing feature; rather it’s the nerve 
cord running the length of the body that the 
backbone protects. There are some simple 
fish-like creatures that have a spinal cord even 
though they don't have bony vertebrae. The 
spinal cord was the adaptation that led to the 
development of our complex nervous systems, 
and itis such an important feature that all 
creatures with a spinal cord are grouped 
together in the chordates. However, 97 per cent 
ofall animals are still invertebrates. The 
vertebrate animals — which include us — are just 
asubgroup ofa single phylum. 

So which is the largest of the groups then? It 
depends on how you countit. In terms of the 
sheer number of individuals, the nematodes 
are the most numerous. But they are also very 
small, so it's not an entirely fair measure. There 
are over a million nematodes in every square 
metre of soil! Biologists generally prefer to look 
at the number of different species ina group. 
This isa way of measuring how successful a 
particular body plan has been in adapting to 
different environments. By that measure, the 
arthropods are currently in the lead - around 
64 per cent of all known species are arthropods, 
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OID YOU KNOW? The extinct Moo bird wasn't just flightless; it actually hod no wings. All living birds at least hove vestigiol wings 
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mostly inthe subgroup of insects. But this is 
also a somewhat misleading statistic. There are 
alot ofspecies still waiting to be discovered 
and identified. Insects are easy to catch, 
preserve well and most of their distinguishing 
characteristics can be seen with nothing more 
sophisticated than a magnifying glass, 
Nematodes, on the other hand, are mostly 
microscopic and, although tens of thousands of 
species have been described so far, they all look 
very similar. It's possible that there are as many 
asa million more species of nematode out there 
waiting to be discovered and named. Ifso, this 
would make them roughly level with the 
arthropods inspecies numbers, 

The system of naming animals that we use 
today was devised by the Swedish naturalist 
Carl Linnaeus lor Carl von Linné as he was 
known after he was made a noble). He useda 
two-part name to uniquely identify every 
animaland plant. It consists ofa genus anda 
species, like a surname anda first name, except 
that itis written with the genus first and then 
the species. So the chimpanzee belongs to the 
genus Panand the species troglodytes. The 
name is often written in italics with the genus 
capitalised: Pan troglodytes. The bonobo 
chimp, meanwhile, belongs to the same genus 
but has a different species: Pan paniscus. 

Above the level of genus, animals are grouped 
together into families, then orders, then 
classes, then phyla. So, for example, the 
dromedary camel belongs to the kingdom of 
animals, the phylum of chordates, the class of 
mammals, the order Artiodactyla, the family 
Camelidae, the genus Camelus and the species 
dromedarius. The higher groupings are used to 
show the evolutionary relationships between 
animals, but Camelus dromedarius is all you 
need to precisely identify which organism you 
are talking about, from the entirety of the 
natural world, The genus name is often 
abbreviated, particularly when itis long. So the 
bacterium E coliis actually Escherichia coli. 

In general, the division of the animal 
kingdom into groups reflects how closely 
related the animalsin that group are to each 
other, but there are exceptions. Birds are 
actually more closely related to crocodiles than 
snakes are, and yet both crocodiles and snakes 
are in the class of reptiles, and birds have their 
own class: Aves. This is because birds all have 
lots of physical resemblances to each other that 
make them feel like a coherent group, whereas 
reptiles are actually a grab-bag class with only 
superficial physical resemblances. The reptiles 
are really just the leftover vertebrates that 
aren't birds, mammals or amphibians. 

Species though are a much more 
fundamental unit of classification. Animals in 
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Hairs 

Sensory bristles 
allow touch 
sensation through 
the rigid exoskeleton. 





Invertebrate anatom 


United by their lack of backbone, what are invertebrates really like? 







Wings 
In some insects, 
one pair forms a 







Phylum: Arthropoda 
Phylum also includes: 
Spiders, scorpions, centipedes, 
millipedes, crustaceans 





















Info: Insects are the most diverse 
group of animals on Earth. It's 
possible that 90 per cent of all 
species are insects. They have 
three body seqments, with three 
pairs of legs and one or two pairs 
of wings on the middle segment. 
The whole body is protected by 
a Waterproof, rigid exoskeleton 
that also provides an 
attachment point for the 
muscles. Insects have a 

larval form that is often 
aquatic but very few insects 
live in saltwater. 

















Made of a complex 
| carbohydrate called 
21 chitin and reinforced 
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=4 7 
_ Abdomen 
All the reproductive 
and digestive organs 
are contained here. 


Mouthparts 
Various sets of jaws 
are formed from 
moditied legs. 






Phylum: Porifera 

Phylum also includes: 
Lalcareous sponges, 

a) eect lel gel 
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to the class Demospondgiae. 
Although a sponge has 
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Lung 
The single lungis & 
connected toa 

pore on the head, 


















Phylum: Mollusca 


Phylum also includes: 
Clams, razorshells, oysters, squid, 
octopuses 


Info: Gastropods are slugs, snails | 
and limpets. Snails have a spiral 
shell large enough for them to 
retreat into, to prevent them 
drying out or being eaten. They 





















use a chainsaw arrangement of Shell ‘ 

microscopic teeth (a radula) to Grows by adding 

graze on algae and plants. Marine aTEGT shell at ine oo a era 

snails use their radula plus opening ina spiral. “= an LS J Pl an 
secreted acid to drill through the oe a 
shells of other molluscs. ft ear 





OID YOU KNOW? The totol weight of oll the ants in the world ts the some as the toto! weight of all humans 














Phylum: Echinodermata 


Phylum also includes: 
Brittle stars, sea urchins, sea lilies, sea cucumbers 














inside out and squeezing it into the shells of molluses. 
The tube feet that line each arm are controlled 





Info: Most species of starfish have five arms but there are 
families that have 50 arms in multiples of five, and also a 
few with seven arms. They feed by tuming their stomach 


Heart 
Pumps blood around the 
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Eye spots 

At the end of each 
arm are primitive 
light-sensitive spots. 


i ee™~ 
Endoskeleton 


Calcium carbonate 
spines or studs cover 
the skin for protection. 


Eye spots 

Simple eye spots on 
the upper tentacles 
provide limited vision. 








Nervous system 
Several mini-brains, or 
ganglia, at the head. 


Mucus gland 
A, slippery 
polysaccharide is 
secreted under the 
snail as it moves. 






Stomach 
Divided into two chambers 


behind the central mouth, = ds 3 % Be ae 







Tube feet 

A forest of hydraulic 
tubes serves both as 
tiny legs and gills. 


Phylum: Cnidaria 


Phylum also includes: 
Jellyfish, sea wasps, freshwater hyd ra 


Info: Corals and sea anemones belong to the class Anthozoa. They 
have a jellyfish-like larval stage that settles onto a rock and 
permanently anchors there. Adults have a single opening for the 
digestive system, which ts surrounded by a fringe of often colourful 
tentacles. These are lined with stinging cells called nermatocysts that 
harpoon tiny plankton. Reef-building corals also have symbiotic algae 
within their bodies that help them to secrete the protective calcium 
carbonate skeletons which make up this biodiverse habitat. 


“Sea stars feed by turning their 
stomach inside out 





KEY PLAYER 
Chores Darwin 
Nationality: British 
Job tithe: Naturalist 
Date: IS0S-1BB? 


Info: Established all 
ling species are part of 





the same farnity tree. Evolution causes 
new species to branch away fram 
ancestral ones, Natural selection 
determines survival and extinction. 













Phylum: Nematoda 
Phylum also includes: 


Only roundworms 

Info: Nematodes are thin 
wors with a bilaterally 
symmetrical body and a 
radially symmetrical head. 
Their digestive system has an 
opening at each end witha 
system of valves that pushes 
fle emg ee ers la ele ee be 
the worm wriggles around, 


Phylum: Platyhelminthes 


Phylum also includes: 
Flukes, flatworms 


Info: The Cestoda, or 
tapeworms, are intestinal 
parasites of vertebrates. They 
have absolutely no digestive 
Ay at ol oa and =| eo 

dae) elt ee ee eee Raia tele 
nutrients from their host and 
acre] ce e[ ees elma (ede en i ale ma 
egg-filled tail seqments into 
the host's faeces. 


Phylum: Annelida 


iMG ea el e-tem ple ete | 2 
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Info: The Clitellata is the class 
that includes the common 
earthworm. They have 
segmented bodies with internal 
dividing walls. The gut, 
circulatory and nervous system 
run the length of the worm, But 
other organs are repeated in 
each of the body segments. 
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“Allopatric 
speciation occurs 
when animals are 

geograpnically 
isolated” 


the same species are those that can interbreed 
to produce healthy offspring. You can crossa 
lion and a tiger to produce a liger, but this 
hybrid animal is almost always sterile, because 
lions and tigers belong to different species 
(Panthera leo and Ptigris, respectively). 

Charles Darwin's crucial insight was to see 
that new species arose when an existing 
population split into [wo groups that stopped 
breeding with each other. This can happenin 
two main ways. Allopatric speciation occurs 
when animals are geographically isolated. The 
islands of the Galapagos archipelago, for 
example, are just close enourh together to 
allow birds to fly between them - when blown 
off course by a severe storm, for instance — but 
far enough apart to prevent the populations of 
two islands from routinely interbreeding. 

Over time, the random shuffling of genes 
from generation to generation, as well as 
natural selection caused by the different 
conditions on each island, leads the 
populations to evolve in completely different 
directions. Darwin found that each isle had its 
own unique species of mockingbird. An 
ancestral species of mockingbird had split into 
four new species. Similarly, the chimpanzee 
and bonobo species formed when the Congo 
River divided the population of ancestral apes 
in half, around 2 million years ago. 

The opposite of allopatric speciation is 
sympatric speciation. This is where a species 
splits into two distinct forms that don't 
interbreed, even though they still share the 
same territory. An example of this happening 
today is the American apple maggot fly 
(Rhagoletis pomonella). Despite its name, the 
larvae of this species originally fed on 
hawthorn berries. When the apple was 
introduced to America around 200 years ago, a 
few flies must have laid their eggs on apples 
instead. Female flies normally choose to lay 
their eggs on the same fruit as they grew up in, 
and male flies generally mate with females 
near to the fruit that they grew up in. This 
means that even though the two populations 
of flies could theoretically interbreed, in 
practice they do not. 

In the last two centuries, some genetic 
differences between the two populations have 
emerged and eventually R pomonella could 
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Vertebrate biology 


Discover what characteristics are shared by creatures with a backbone 













Cartilage 
Without calcium * 
carbonate, Chondrichthye 
bones are flexible and 
half the weight. 


Phylum: Chordata 

Info: Most fish belong to the class 
Actinopterygii, which are the bony, 
ray-finned fishes, The other main. 
class of fish contains the sharks, \ 
rays and skate, or Chondrichthyes, i, 
The two groups aren't actually any 









more closely related to each other , 4 fo 

than, say, birds and reptiles. The "4 Ps, y eB ne 

bony fishes have a calcified > ato =7 

skeleton, swim bladder and large WN Mil i dd ar 7 sharks rely on the 
scales on the skin. sha rks may look Spiral Valve - Liver ae ne 
externally quite similar to bony fish, i wronces' the Contains squalene eae 


however their body structure is 
quite different, as we see here. 


oil to maintain 
buoyancy instead 
of a swim bladder. 


Phylum: Chordata 


surface area to 
compensate for 
the short intestine, 









Info: Reptiles are air-breathing 
vertebrates that lay their eggs on 
land, though seme actually live in 
Water. They have scaly skin, and 
modern reptiles are cold-blooded, 
although some large prehistoric ones 
may have been warm-blooded. 
Reptiles are a leftover category: 

SDN Emm ORFS IPM ASU Bema Ua Mem ects iat gees 
of their own, they are classified as 
the vertebrates that produce eggs 
with an amniotic sac that aren't 
mammals or birds. 


Phylum: Chordata 


Info: Amphibians were the first 
vertebrates to emerge onto the land, 
They still lay their eggs into water 
and most have an aquatic larval 
stage. The adults have air-breathing 
lungs but can also breathe 
underwater through their skin. They 
are cold-blooded and need toa keep 
their skin moist. Amphibians have 
tiny teeth or none at all, but often 
have a large muscular tonque that 
can be used to catch prey. 
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Pain in the class 
The duck-billed platypus lays with an earthworm. Its 
eggs, but also has a bill and evolutionary journey has got 
webbed feet. It also has stuck halfway between the 
mammary glands and fur. |sit annelidsand arthropods, _ 
a bird or a mammal? It's which makes it hard to know 
actually a monotreme, once which group to put it in. The 
treated as aseparate groupon — |ungfish are a similar halfway 
the same level as mammals. house between the bony fish 
Nowadays taxonomists class and the amphibians. Worst are 
therm as a subgroup of the microscopic Myxozoa that 
mammals. Another problem have variously been classed as 
animal is Peripatus, which protozoa, worms and jellyfish 
looks like a caterpillar but: - though they actually look 
actually has more incommon —_ nothing like any of them! 


OID YOU KNOW? Disney's Animal Kingdom pork in Florida is home to over 1,700 onimols across 2so different species 














Phylum: Chordata a 
Info: Birds are vertebrates with 7 : 
feathers and abeak instead of teeth, ne Mgnt SPOIL 
They lay egas with a hard, calcified 
shell, instead of the leathery shell of 
reptile eggs. Most birds can fly and _ 
almost all their characteristic -. Feathers 
features are adaptations for flight. i Lightweight interlocking 
Their breathing system involves a keratin filaments create 
complicated system of air sacs and a strong airfoil. 
chambers in their bones that allows 
them to refill their lungs when they 
breathe out as well as in. 





Hollow bone cavities are 
connected to the lungs, 









































Neocortex 


Mammalian brains eee stern aT) = 

have a unique eep keel provides a 

system este a strong attachment | No tine 
celled the niseqortae. for wing muscles. , Nitragen waste is 


- excreted as 
oie © concentrated uric 
. | acid to save weight. 
Air sacs 


These supply a 
_ reserve chamber 





~ of air when , 
~ breathing, much ~~“ 
like bagpipes. 
Phylum: Chordata 
Info: Mammals are defined by their : 
body hair and their mammary Cervical 
glands for feeding young. Mast vertebrae 


Almost all marmmals 
(even giraffes) have just 
seven neck vertebrae. 


mammals nourish the embryo using 
a placenta that grows out of the 
uterus. Mionotremes are a primitive 
group of mammals that comprise 
the platypus and echidnas; they lay 














eggs, but even then the egg Middle ear 

develops for a long time inside the A trio of bones if 

mother and is nourished by her. be altel ain Be 
unique feature, 
Lungs 


Large lungs supply 
oxygen for a warm- 
blooded metabolism. 
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i) Nationality: Swedish 
Job tithe: Taxonomist 
|) Dates: 1TOl-17 TE 
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plants - and even minerais - according 
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We systern that made identification 

_ Much more straighttorward, 






Pentadactyl limb 
Mammals have five 
fingers and toes on 

the end of each limb. 
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OID YOU KNOW? The nome ‘jaquor’ is from the Notive Americon word ‘yoquar’ meaning ‘he whe kills with one leap’ 


a he world’s big cats are majestic 
powerhouses of muscle and strength, with 
acute senses and killer instincts. The true 

big cats are the four largest species of the genus 
‘Panthera’: lions, tigers, jaguars and leopards. 
However, there are also many other large cat 
species that have incredible hunting abilities, one 
of which isthe mighty cheetah. 

Mostly found insub-Saharan Africa, cheetahs 
are super-streamlined and built for killing onthe 
fly. They have specialised muscle fibres to power 
their long limbs, black ‘tear lines’ to help 
counteract glare fromthe Africansunanda 
spotted coatto keep them camouflaged in the 
long grasses. 

Although their spots may look similar at first 
glance, a closer look reveals that leopards (which 
often share the cheetah’s habitat) have very 
different markings. Leopard spots are more 
detailed, featuring clusters of black and brown 
rosettes rather than the cheetah’s simple black 
ovals. These markings mimicthe shifting 
shadows of trees and leaves, allowing the cheetah 
to blend into the background, Ifone’s stalking 
you, you won't know about it until it’s too late! 
Leopards have a wider range, and can be foundin 
forests, deserts, mountains and grasslands 
throughout Africa and Asia. 


“Lions can even 
take down the 
largest animals on 
land: elephants” 


Back on the savannan, it's the lions that have 
the edge, When they'te feeling really plucky, 
these cats can even take down the largest animals 
on land: elephants. They can dothis because they 
have evolved to work together. Hunting asa eroup 
allows lions to take on much larger animals, 
surrounding and overwhelming them. It's 
thought that this ability to hunt cooperatively is 
due toa highly developed frontal cortex -the 
part of the brain that deals with problem solving 
and social behaviour. This is particularly evident 
in lionesses, the pride members that dothe 
majority ofthe hunting. These amazing creatures 
stake a claim to be the most intelligent of the big 
cats. Competition is vast, though. 

As the largest of the big cats, tigers are supreme 
predators. Found in swamps, grasslands and 
rainforests throughout Southeast Asia, China and 
the mountains of far-east Russia, these striped 
heavyweights hunt alone, relying on their 
camouflage and stealth to track down prey and 
catch itwith the element of surprise. 

Read on to get under the skin ofall ofthese 
fierce felines, and find out more about the 
physiology ofa big catattack. 
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Each giant feline has a taste for 
something different 


Tela 

The ‘king of the jungle’ can essentially 
ees ee L ae mers a ees | Cer ee eee hela ee aK 
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sub-Saharan Africa, they commonly eat 
the animals nearby. Like all big cats, 
lions needa high-protein, all-meat diet. 


GOATS 
MONKEYS 
RODENTS 


ets 

The largest of the big cats, tigers need 
ate ee arse mp eee 
depends on their habitat, but they 
primarily eat larger mammals as they 
have more fat and protein to sustain 
the tigers’ needs. However, when times 
Flecmele a Mele cope A el einer es lal ential ee 
from fish to rodents, 
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TAPIRS 
CAIMANS 
TURTLES 


Cheetahs 
PSA re Me pacers] Ne elCe Mer att ele im el nn 
Panthera genus, cheetahs are formidable 
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their main prey, ungulates, but can also 
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such as hares and even birds. 
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Hunting alone, leopards search out mostly 
URE Es | to) CBee a es testes Pee P| 
occasionally prey on monkeys and other 
smaller creatures if the pickings are slim. 
In general these smaller prey are easier to 
catch single-handed and drag into the 
treetops for eating, 
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Not shy of a challenge, jaquars have a 
very Varied diet. Their amazing hunting 
ability allow them to take down large 
forest-dwelling mammals and their 
Tae he eR eee ee ee eee hae 
whole other selection of prey items. 
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The need for speed 


For some big cats, speed is the name of the game 


Have you ever looked at a picture of the African speed fora quick-fire burst, usually after they and an acceleration of oto 75 kilometres per hour 
savannah, andseenlionswalkingamongaproup have expertly stalked their prey and got within in two seconds. However, they can only stay at 

of impalas and wondered why the impalasare striking distance. Similarly, tigersuseaswiftleap their topspeed for around 400 to 800 metres, so 
just grazing away, instead of running for their or lunge to grab their prey once it’s within reach. they must plan their attack carefully. They will 
lives? This is because the impalas know thata The element of surprise is key! approach downwind from the prey so that their 
single lion in the open isn't fast enough and they Cheetahs are the real athletes of the big cats, scent doesn't give them away, and then launchan 
can easily outrun them. The lions know this too, though. They can sprint for long distances and ambush at lightning speed. Ifthey time this well, 
and won't waste their energy trying. Forotherbig accelerate quickly, withsomerecordsclockingup they willsuccessfully outpace their prey and go 
cats though, speed is everything. Leopards use asustained distance of around four kilometres in for the kill. 


Back muscles Inside the beast Hyper-flexible spine 


Powerful muscles support A cheetah’s spine curves so 







the flexible spine, allowing This creature is built for much that it allows the cat's 
for maximum power and speed. Here’s what makes the back feet to overtake the front 
giant strides. cheetah go like lightning paws, maximising stride length. 















Large nostrils | 
A bigger nostril area 
means the cheetah Small head 


can breathe faster, It looks out of proportion with its 

taking in more oxygen body, but a small head streamlines 

to supply the the cheetah and reduces wind 

hard-working muscles. resistance at speed. 
Keen eyes Large heart — 
Forward-facing eyes with an A bigger heart ensures oxygen- 
in-built image stabilisation rich Blood can be pumped around 
system keep the cheetah's the body quickly, to power the 
prey in sharp focus as it runs. muscles during sprints. 
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A cheetah's 
dewclaws, or 
‘thumb’ claws, 
are used to trip 
up its prey 
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Claws and paws 
Sturdy pads and non-retracted 
claws both provide grip and 
traction when the cheetah 

begins to pick up speed, 


OID YOU KNOW? Cheetonhs hunt every two to three doys. They only hove o 60% success rote, ond 10% of their kills ore stolen! 


Wh ie oa | a her 7 aes Cheetahs 
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Only the ‘true big cats, those in the genus Panthera (lions, tigers, | a bk ev ed Tee : va yocalisations | 
eoparas and jaquars) can let out a deep, guttural roar. [his is r alm a ao instead, like 
because the part of their voice box known as the hyoid bone is a ca ——— WS eras 
flexible. Coupled with a stretchable ligament itt makes a sound- F a * ’ i a al gece ipo) 
producing passage and the more the ligament stretches, the | cee r fepmad ti bk 
deeper the pitch. . 

Cheetahs, along with other ‘smaller’ big cats like pumas, instead 
have a similar voice-box anatomy to house cats. The hyoid bone is 
completely hardened, meaning roars aré impossible to generate. The 
voice box is a fixed structure, but this allows them to purr - 
COMUNE DER le Bers ers eM ARR goals |e 
exception to the rule is the snow leopard; although it is a member of 
the Panthera qenus and has a flexible hyoid, this cat can neither roar 


nor purr! Instead, it makes a ‘chuffing’ sound, 








Fast-twitch fibres 
These muscle fibres are 
able to contract very 
quickly to provide a burst 
of power, although they 
tire quickly, 























‘Only ‘true’ big 
cats let out o deep, 
guttural roar” 







Lightweight skeleton 
A light body means the 
cheetah’s weight can be 

carried further and faster. 










Long tail 
This acts as a counterbalance and 
a rudder, helping the cat make 
tight turns at high speed. 







60km/h 
LEOPARD LONG, STRONG LEGS 


FOR CLIMBING TREES HELP THE 
LEOPARD ACCELERATE , 


















59km/h 


LION FAST ENOUGH TO 
CATCH A RUNNING 
WILDEBEEST, PROVIDING 
OTHERS ARE NEARBY 





ae — 80km/h 
Bigcats = “7, 90 Rens e i 
by numbers tO FASTEST OF THE REST 


How the other fierce — 
94km/h 


felines measure up in the 
CHEETAH FASTEST 


top-speed stakes 
ANIMAL ON LAND 
















ON 
56km/h —_~— 


TIGER THE LARGEST — 

BIG CAT CAN MOVE oe 

RAPIDLY INVERY (jo 
SHORT BURSTS 
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Sele Life in the pride 


| ! en.) “ its own role, to ensure all the 
re i | = ) it TE = | lions benefit from family life 


Young males 
When they reach maturity, 


lela predator plays Te) ik = eee | Pw young males are often . 
Sane) ered natsmey.Coleb laters the pride’ NAMM SBN Det! form nacuelor orouns before 
different t actics te hunt and they join their own pride. 
catch their prey 





















Lionesses do 





Lions use their sheer size, brute strength and 
Lei =) MONMETODONLOJecR CONOR Patclm betel suie (=) itp Lionesses i , - ¥ 


such as buffalos, zebras and giraffes. They both There are around 12 
P| ere Pere nes ee nese near ee eee eer lionesses in a pride unit, and ae 
mote OC ae Re LOLA ee OO Cs be DRE Me yt they are usually all related. 
from different angles to startle and confuse. Lions 
will also scavenge, stealing kills off other - 
predators such as hyenas and cheetahs. 

UOMO UROL Ota) MO) Ee cls McRae Le Atel 
and need to employ avery differentand more 


fine-tuned approach. Cheetahs use their highly 





Time to leave 
lf a male or female ts 
injured or too old and 
can't perform their 
role, they are pushed 
out of the pride. 


specialised bodies to generate massive thrust, 
using propulsion and attuned senses to homein 
WMRGC mae eg A MAO PMI on erclimelcu iM rst u iene, 
GUTOR deteg elacatme sl Tee (MAO EAU TOO) Coes Pt eee t Oe 

Tigers Will use their keen senses and superb 
MSTALOLUL CIR CORTES M A OTLOCO LSU RTRA Som T Oe oe aCeL Lane 
PMalsacie iee) cca Onled ne ect n een COI eco 
PRS U Pree LMM CO UU PEON OR PUN eee Wiehe 
razor sharp claws outstretched, anyanimal in 
this cat's sights may strugele to getaway! These 
esa ORSON OMOEA eee eens tel ee Me teR ered 
will then use its bulk to grapple with its prey. 

TAM ae] Uc HCO hes Tie PELE IM OMe riers Te MMOL re - 
use their rocky, mountainous home to their le al LA. 
advantage. They will often creep up on prey near . : 
cliffledges and drop ontothem from above. 





Leopards and jaguars have similar strategies. 


7" 
To locate prey in the dark, leopards have excellent 
night vision, around seven times better than ours. Safety in numbers 


WU ACO MAO OMAN M as oes bene can a aae Hone: ive |n oper Bfassianes, 
where a kill draws easy 


TMU e PO OeT MMe meee are eee m ter TT attention. The pride works 
Gerd lece Ohare l ys hm itest mele OTC eee We Lea mee recone BBO together to defend food 

i ; ; iu from scavengers. 

EMO eUUUMO) oes Neem N UOMO rs WRG Le Olas d B 

RCO i (casi PRO LUC oR CONS EPMO NNEL SRA Reid dn em Nac 





cats will employ the ‘drop from above’ tactic too, Li peg: gp oe ss 
Leopards and jaguars aren't afraid of swimming B | Q & gts fl "> ely ——- Mealtime hierarchy 
and will happily get wet to secure a meal, or senses mokKe C em er- After a kill, the males always eat 
sometimes they won't bother huntingatall, and UP BSI: TE RER TEE Dertaies Weal eat 


Seen cat owore of their SurrouNCINgS” — “*renstecubstoiow 


Hunting F , Er 2. Se sa Lite ) le 


| , Play fighting is-a big part aha a | By the time they reach le é a edt» §=6The essential skills that 
school Fee. 2) of learning. Lions in the i “| e >—. months, tiger cubs will be = oe pt Pete) ers) ee Ge ee Pc a 
| a - pride will encourage cubs poo eS Skilled hunters. They lear ge Lee include how 


Lesson number one: eat, = Miby f | © to pounce and stalk one ea oe SS ee alana 3 a a == to pin down animals, and 
eM eee ; st | another before being ee ah Te lde laesee e ee ge Leta 
ei llecm sro CaM Cem elcm egies: | ce] eee introduced to live prev. , , eg, her contests. ee ae aaa Re ec Bel aet le 
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OID YOU KNOW? Leopords ore strong climbers ond con drog their prey up into the trees to eot 

















Cooperative hunting 
Females work together to bring 
down a kill, making hunting 
both efficient and effective. 


Dominant male 

The male guards the territory, 
chasing away intruders and 
would-be adversaries to 
protect his lionesses. 






Male challengers 
The dominant lion may be 
challenged for his females 
and territory, 50 a strong 
male benefits the pride. 


All cubs are offspring of the 
dominant male. They don't 





as help with the hunting until 
+ | 7. they're around one year old. 
~ Lh , : anata he 
-) Cub rearing | 

Females share the " - 
burden of looking after * 
cubs, taking it in turns to 
either hunt or babysit. j 


oe oF lel thls 
a a Young jaguars stay 
Pe aban eb ee ie 


Cheetah 

A mother cheetah will 
se aa 
Jaa a ee Leama srl 
prey back to their lair. The 
cubs can then practise 
chasing and catching. 


two Years or more, 
They watch her every 
move and learn to hunt 
by Ner example, 





Teamwork is key; lians can 
“ bring down much larger prey 
“4 because they work together 


“A group of lions will 
come at prey from 
different angles to 
startle and confuse © 


eile mace aay 


For most big cats, their most powerful weapon 
is Stealth. But how does a two-metre-long, 
250-kilogram Bengal tiger manage to stay 
Were teem eee ACM aa eee ae 
distance of its prey? The answer lies in the 


net] meee [ea alee Le ease ers nel cel ee 
eV ee elev Ties me) MATa eos eens tiem] pce ees l a 
stripes may seem garish to rt aTe ane 


WD la eee ears eet alee eae 
apse seems prem elalelcom 

The same is true for the other big cats — 
leopards, jaguars and even lions all have 
subtle markings that blend them into the 
background. The big cats’ finely tunéd senses 
are also essential, making them hyper-aware 
of their surroundings. This, coupled with 
their strong and flexible bodies, allow the big 
cats to hide, waiting for the moment to strike. 





BASU 







2 Atma, Thinkstock 





w- AMAZING ANIMALS 






When big cats eeta hold on their prey and they 
have paws on the prize, the next step is crucial: 
the kill. Almostall of the big cats use the method 
Jeske SOM ats NEO R COD AUR M lata el ccy aw AU Ecp ee ne 
quickest method to make sure that the prey does 
not get away, and thatall ofthe energy these 
animals have expended on stalking and chasing 
doesn't go to waste. Big cats have incredibly 
CAG COEEM FMM aLOL Lda) c=r6 Olen sem eee Eee slate e-a | 
their head and neck. To complement a strong jaw 
are sets of super-sharp teeth, perfect for piercing 
flesh and holding prey down. 

MOM NO eM GUIS ERIE LKR sheet a 
etcl ein MA sO LCA MOLL MRE HCO LON ee eee LEU 
frequently assume the role of clamping its 
colossal jaws around a prey animal's snout, 
attempting to suffocate it while the rest of the 
hunting team hang on its flanks to bring it tothe 





In for the kill 
After the take-down comes the dispatch, 
a grizzly yet necessary part of the hunt 


Tigers use their strong 
front legs to tackle 
TAF ea) stm od 
elt ems elem el ilals| 
aleve ma aaa i ere 


ground. This is sometimes called the ‘lion kiss of 
death’, and they can bring down very large prey 
Tinea eRe 
eRe mei tase Mea telereaai meets im el emer es 
automatically ‘go for the jugular’ to dispatch their 
ip OUR Get aes ORR la ETD 
for the neck, it’s the animal's windpipe that the 
WIG EET ee (OMe LN Ott TIES thee ele 
vice-like jaws clamp onto the windpipe and 
crush it, suffocating the prey fora quick kill. 
Tigers use this method for larger prey. By biting 
the neck and using the animal's strength against 
Les) POU OMOCO MAO RO Lest mL MAO RM oeeCe OTOL MOO Layee Te) 
bring down very large animals single-handedly. 
ROSIN NN Cs MOO INA eROO MOTTA WOR ON Lem ets elan OI 
MM OLw Oe UNM) Clot MC Rctoa gm oad ere 
column. Leopards also use this super- 
SINCctM abu Btw even e LPs 






et le 


Jaguars, on the other hand, do things alittle 
differently; these animals are the only big cats to 
fe) cose) eis) O1Ni Come DEORE MRO N TOPE Oma gt: MO emai nats 
style has evolved to take down dangerous and 
armoured prey. The jaguar, instead of going for 
MLB dSUae ri emelia=ree Leica ieee) eh DOR tule e cle ae) eal 

atstea ae) Mts (e Maa) epee =e] el pad eae) ee 
and puncturing the braincase, 
EARP TOR MOTE Rierm TAU e | Plemm aa Te 
Seve besa e cM arch ma Ls 
c Oe Ui mM NU ech eae TRON Een DT 
“F * ay and pierce the 
strong shells 
Sm athaal =m 
















Strong bite 









The leopard holds its prey d 
at the neck, where it 
delivers the killer blow, / 
Muscular legs , 
Strong legs provide f 
bursts of energy for 
jumps and lunges. 
Eye onthe prize |) 
Leopards’ eyeshavea (FF 
specialised membrane 4 
that allows them to , | 
focus even in low light. | 
F 1 
if 
‘7 
| 
| 
Py 
| 
| 
) 
| 
| 
Sharp claws 
Claws help 
immeobilise prey i 
and climb to safety. | / 
= | i 
fly 
/ rf 
i i 





OID YOU KNOW? Some /eopords ond jaguors hove block fur, ond ore colled ‘ponthers’, but this term is used for any block big cot 











Jaguar Vs Caiman Big cat bite force 


These cats aren't scared of water, nor the scaly, snappy ee that live within Check out the sheer power of these 


Re: 7 a Se ors’ : formidable predators 
BORN i ee ROOT N Ls: ee 





EULtem Ce] am cme pF Te] 01m |) me) Bree e balers is enema) acne) 









i be he ' hale <<“, iy tte, : . 
ee - es \e Tae zs AT OVAHi es eH Aico Cm eM a=] HAV AR COR pelea hes ree 


For comparison, apresee cat's BFO is 538. 


The swim ) The stalk 

Jaguars are great swimmers. With prey in his sights, ae Exiting the water, the jaguar has the element of 
this jaguar chooses a water approach, making sure to surprise on the unsuspecting caiman. He stalks for one 
swim stealthily with no splashes or sudden moves. second more to get closer. 








LEOPARD 


94 


BFOQ 











©) Alanry: Thinkstock: WIKI! Klaus Rassingerand Gerhard Cammerer Museum Wiesbaden: {llustrations by febelcka Heartl 


The attack The death blow 

The caiman has little time to run before the jaguar A sharp bite into the braincase at the back of the 
takes a leap onto him. The jaquar again has the element caiman's head instantly immobilises the reptile, A 
of surprise and immobilises the caiman. successful hunt for the jaguar! 
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2 ft ee a - ati) 

te eee a eee 
species use flashes of 
light to scare off 
potential predators. 









Bobtail squid 





atest [ee et oe , 4 
mite asian ss 
bacteria to provide . M 
light-up camouflage. .* Ms 
—— COrpion 
| . ieee ts atR ele tne 
>. aet mek met eee an ae 


one really knows why. 





Hit the switch and 

adjust your eyes to the 

multicolour world of 7 
natural light 












miei 
ae imal cere ame men 
a}t la oe ats le egal eh 
its distinctive flashes. 





(os) p=) a=) =) 


Many coral reef creatures 
use fluorescence to survive. 


Mag /™. 


- oe 











OID YOU KNOW? Chores Dorwin witnessed bioluminescence onboord the Beagle, noting the “milky train” following the ship 





ier eaCeM UTM CM Naeem AGT aH TESdORsMGslgccims | @abPeah mse ete! 

encountering aswarm of dancing lights 

floating in the air. It may look like magic, but 
itis one of the most astounding features of the 
LGR P RUS) GUOPM ALO LPNTNE so1M cli Mom Mem Rtas 
flickers of lightare a biochemical reaction 
See ta ie M amet e mp Cit acme meen ant m ena ets 
nightin their efforts to find a mate. 

Bioluminescence is found throughout the 
EVAUGHIETO ACN e MRO OM Mea LOee ATOM A tem ale lcd 
SPA CIUCI Mons D GEMM O) MOTO dd cee ts baa coe LaPeer 
can be found in the ocean. Yet, interestingly, 
GeO m ere ec LeM ere Mise DOIN MaDe 
bioluminescent organisms. 

Although modern science 

WERE e i eM tR enh alle) coe ents 
inner workings of how this 
incredible biology occurs, 
bioluminescence has been 
EM DEE OU MOOR Te Lele 
Gaeta eA acd ee / 
References to natural F 
ash b Ceol aterm pena 5 


GEaesiseisc hme Rns Biel alias wae 
ar ie Ml Y tL 
Ran! 





RAO eaneMtinaace 
in Scandinavia, China and oF 
India to name a few. In the pe 
CV adeee Net pate ee ees tient 4 
Greek philosopher Aristotle ‘ A 
STO)E-LOPame-lO)HHLR AT ET CANOE Teme e Tay 
are notin their nature fire nor any 
species of fire, yetseem to produce 
light.” Similarly, during the first century CE, 
SOCeE VaR al Es Veep eh mM eCee Mem cO me li MnP tcleiasie| 
MOTOR COO) Meee] DD et eee) es [eli M Mab Page UROateB eta 
of Naples and rubbed it on his walking stick, 
where it lit the way “like a torch.” 

FE PeNSELCO)G <M PUTNI ETP ULOL OL em OTOL NIT H PO scm s) g Les 
EE mee) Meee a eee Sere MOT maa 
glow that is produced by electrical light bulbs, 






dtm OESU Eames Caell eeRa ret] Coma Crs Tmo) a a eck ae a BT 
JUN UUDIPUReLetMelel macs TMOLelem eri T Gea mLe eRe le) aml 
Hite ares eerem Atel mecR CATA IGN eles ae Walden bas 
two ways that animals are able to produce this 
light: by possessing the right biological means to 
ied MIMO N eet Mace me meek ad 
bioluminescent bacteria thatwork with the 
VOUT RCO MOC a le emeecc m eerie htm be cd seca ela elects 
jC) UENUHN OA teccimes S| mars mts) gts Res Teese nse ease pha a tee 
or parasitic, attaching themselves to a host and 
a making it glow unwittingly. 
g One animal that has a mutually beneficial 
relationship with these bacteria is the tiny 
TO SLE PURIOL PUG ME RG O]ITc Tee lO LOM (Uae wll 
centimetres long, found in coastal waters of the 
Pacific, The squid uses the bacteria’s blue-green 
glow to camouflage itself in the water column by 
eatin an Tae ae glow of moonlight from above-a 
technique known as counter illumination. In 
call squid's body provides the bacteria 








with a sugary solution to feed on. Every 
morning, the squid will expel 95 per cent of its 
bioluminescent bacteria, ensuring that it stops 
PATON RUAN ee ee me eAN RANE eM cadaver 
the bacteria have repopulated, reaching a large 
enough concentration to begin glowing again. 
CBr Deer TB iiCeo cia pam we| 
AVCOLORUGR De tsccimsl seesaw eH Ibe VARs ie nlc) me be 
Peas mae TeR WhO ROO a ab sicee 
SSC UUGUUete enim es Melee ene mee imm ely ale 
luminous bacteria create their own light via 
MW itatiN test Baas (MO Oa eleee dni Eee i Gad Bir lae 
specialist organs called photophores in which 
organic molecules known as luciferin react 
with oxygen to produce photons of 
Fotji a) oe bees mB elsioe csr le a (etme nem el 
VeUier ince Mea b ele] ee rsim he) ee 
including chemical, neurological 
Mae atbanies Ramesses 
este) VOOD UN torcime) a Mom eps Le lm a ils 
only method employed by the 
animal kingdom to glow in 
’ the dark. Many animals also 
shine through fluorescence, 
where light is absorbed and 


vp then emitted ata different 
wavelength. For example, 
- Y under a UV light, scorpions 
7 sli) tlared cM sesame ee Lt Ce) becom) COLO 


Ve telteces) al=ral (cee) Dede Ate Od 
HARM MERI ec Dp tee Die Mite Mom ONC) Cool hl BI 

O)C0) el ada Ooms bow eCO Ltd bo celeb pct fi 
which is one of the only known vertebrates to 
a rpeimeel wae ie 

On top of this, animals can also use 
phosphorescence, which is chemically similar to 
Ie) gee cates U MAS TRUF IOI M ices lerrelge loans hee 
LUTU Dew iL Ce)gcrcimc) ated RTO PAM MO TALON NTE Lem Cems (ame) p TiS 
the light source is removed. Many sea creatures 
will exhibit a combination of the three light-up 
methods, but phosphorescence is often too weak 
coe RW ULee MM eCM erst Ccle Rss ta) mh Rel sei eTslele\ i em ely 
the other two, much brighter, methods of 
atcLMUVecUMOTLON ONION rsTaCO)E 

GOR dette ee TOPE MN ee UTE i RO Rane may 
often includes neon hues of blues and greens. 
This is because these are the wavelengths that 
MEM M OUR AUDA GH =O TUR ME LMeL eeu eet in Te Rrem adele 
creature's lights are fit for purpose, However, the 
colours are also tailored to their specific 
function. Animals use their glow-in-the dark 
CLS meee TORR DAR ESetelecwele 
to dazzle attackers. Lights help to attract both 
COC OR THOM UIE Leaeme DOOR TI Mca IB SEeL leer RM it aa 
Te] itt sm Me eae ade Oct Dred Le 
benefits for the non-luminous ocean beings such 
as sperm whales, who dive so deep to hunt that 
im CNhe item a) 0 Car men eke) ene 
bioluminescence of their prey in order to track 
en GUaeswibleTd 


The science behind 
bioluminescence 


Bioluminescence is produced by a chemical 
reaction involving a molecule known as luciferin 


1 Ingredients 

In general, for a 
bioluminescent 
reaction to occur, an 
organism needs a 
luciferin molecule, 
luciferase (the catalyst 
Peer |e 
reaction) and oxygen 
to oxidise the luciferin. 


catalyst isa 
a |ecies |p ecm apr) 
increases the rate of a 
chemical reaction. In 
this case, the catalyst 
is called luciferase, 
This ts the general 
anemone ara ag 
ELMS) Sio esa ela 
emitting reaction to 
take place. 


oo 
voccurs 


The luciferase 
provides a pathway for 
time ae PTO ter mee 
can combine with the 
luciferin more easily. 
The oxygen then 
oxidises the luciferin 
nyYies [ala eee ae ol 
molecules to it. 





PA | eee 
produced 


When luciferin reacts 
with oxygen, photons 
of light are released. 
When this reaction 
ats) o) elope eet cea cate a 
a creature's 
photophores, it 
produces the amazing 
natural light displays. 


o Reaction 

pe late re 
The bioluminescent 
reaction results in 
by-products: carbon 
dioxide anda 
compound called 
oxyluciferin - the new 
name for the oxidised 
Nf it-a WR ne) e | =e 





ate Wh ele ales balla 


ibe te, 
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How natural 
We Cl 
can benefit us 


Asa naturally occurring phenomenon, that in its 


Glowing mice 

MUO Cs Te si NM OOP OC Mh OM Ren) FOM sd Ok MAb 
known as Green Fluorescent Protein (GFP) 
PERM COLOUR Ce) ey Teme te) eka med Calne 
bright green under blue and UV light, and 
can be used asa versatile marker to 
highlight a huge array of biological 
processes. The protein can be cloned (so 
mele let| MMe COM e MDa ioi mice mais 
SLUM MOE INU RCO NLOM Ad so MGd toed plots pO lots 

Re) oat im elon CcreRCek- Tame) Fs 0 
else Ce)GtL eam PRU ES EPR ME MU ts accel oed BEL = 
ECR AMES UE ee eR TNL aGe 
study) ‘elow’. This means scientists are 
much better able to witness and 
understand the growth of tissue, from 
Geek O RRO i Come CONIC RG tees elects lene) | 
cancerous tumours, which has huge 
Se CoLGE UM NNM ONO est M esc nee 


“> 








SPOONS) ei CURSO TNT OeecM DEI mey Qe] eRe Re) a ce 
bioluminescence can also have many 
LA)e) ies MOB RO ima ers hme cee Wek Tl 
harness this amazing light-emitting process for 
medical, military and commercial uses. Natural 
fluorescence, too, is being developedasan 
increasingly useful tool. 

ef (=) 01a bod ec cy Cees] 8) RCO RPE emer vae ee TMM dLP le) eee sin 





proteins to track the spread of viruses and 
diseases in rodents, andalso to watch the 
development of cell tissue in amazing rainbow 
colours. This has potential for allowing us to 
understand and treat human disease. 

We canalso use our knowledge of 
apa) APINED DA =ciaCt ae COE elimi e TIA aE Tele LAT SE Laer 8 
aT =yta a LOLd eeM MOT OLU Ted pHa nts eee Mee D EESTI aT 





Glowing mice could help 
ete Hee | 
huge array of diseases 





Glowing plants could 
pave the way for more 
botanical illumination 


much in its infancy, this use of bio-light could go 
as far as adapting trees to glow in place of 
streetlights, saving valuable fossil fuels. Scientists 
at Edinburgh University have already created 
flowing potatoes that illuminate undera black 
SAU MV etsORGel=atePeae eta) OL VOLE ICO PRU Ue) Map Tees bes 
EUR ULE MCR eC eM LTO] Le) mi 


Glowing 
eles a 
The company 

Bioglow has been 


working onan 
energy-saving 





crops. Although there is controversy surrounding 


renetically modified foods, the science behind EU etE Laken Of 
such developments is still incredible. streetlights, by 
There might also be military uses for developing a plant 
ee) LPL VEN DN cia) TM ces ORS] ecw ces) tne nCanel ROB ea Ete 
often bioluminesce when they are disturbed, Named Starlight 
which could give away the whereabouts of icici bere g ele 8) tbat 
called Nicotiana 


WAR sd Tabata GELS) CNT RMNe Cem] THM EI OOOO 


covert naval operations. alata has had a gene 


MMO PRMNTececHi-me meet etomm a) eRe MeN oars for bioluminescent 
applications to light up our daily lives as well. For bacteria inserted into 
example, biotech company BioLumein North Lee ule tien 
Carolina hope to develop a range of incredible an ‘autoluminescent’ 
luminous sweet treats -such as lollies, chewing plant that emits a 
gum and drinks-as well as personal care yellow-green light 

independently. 


products including toothpastes, soaps and 
bubble baths that glow in the dark. 








tT , ht na ub een Anglerfish 
ig | | eo ie iv Bees) iCom ple me hts me ost There are many species of 
: 7 , tiny organisms are mot anglerfish, with the 
oe ee , jellyfish. Comb jellies We ae eee ae | 
| iS eep We bacm ers pete =e oc large, bioluminescent lure, . _ fll 
: = appendages that propel (came eae i eels , eS 
Bioluminescence is found throughout the water eer UM Ucia ene ie |s) slot gel e[ = Ci ta 
ican ee Ga Ns pre * l(t) epe ime nee Ly helps the females to et 
rill sian the sexta Siete alt wie oie move. This happens attract prey. Male fn fi, : / : 
ocean trenches. As the light fades, the amount of when incident light is elas miele eaten | 1 
biological illumination begins to increase. It’s scattered through the smaller and do not have ee 
Niet gare = eee moving cilia, but many lures, instead they latch aa | 
aanieee EE RODE ST Des ee ee Pies species are also on to females like * | iis 
animals use some form of bioluminescent light to bioluminescent, capable PRICE mega (as a ol 


hunt, defend themselves and find mates. 
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of glowing blue-green. 





je] M tame eg i8) ce 8 eda ee 





OID YOU KNOW? In WWI, o Germon submorine in the Mediterroneon disturbed bioluminescent plonkton, giving away its positian 





Why do animals glow? 


af ‘i: = 
ab 





PaaS 
es PREM et eee Ade | 
See i Fstt etiam arse cle prs 


mr eLeL (tet ae mele ars) 
burst of light te deter 
would-be predators 





= i “s . 2 = os 
et eho lane he , 
> ast ie ds pi je 1 i ; 
: CF = “-. ‘a | , : 
7 ee Oy: es 
. ; ~ ir me . - J = 
arin # | . — | a. a 
Flashlight fish use super-bright ¥ 4 
We |aNMel ttre rem el-iar-t- 1nd at magia ~— ot = 


eMC M UR eM seme l ga) 


OFFENCE 


ESCQUMDRINEG(=ciO =) mma POM ALSRtecicle Rees ines (a ae) Coie 
O)MCOPTEOM MeL Mt aatatarem im ty eMme ta beetslt-e-i0 la ames be 


DEFENCE 


Defensive bioluminescence is used to deter 
predators. Creatures such as squid use a 


ATTRACTION 


SHCHVACRGENEAT=mclalMem a) RCE Bice ae) Rt ements 
courtship of fireflies, who have light organs in 
their lower abdomen. Males perform a light 
IPO WMCOR LG ts (MM LS HiEe A PMC R OOM ICOM er Lice pa 
ea OL th OMG tsDC REED t ht Loe 


sudden burst of light to startle their attacker, some siphonophores and flashlight fish will 
and some animalsalsoemploya‘smokescreen’ usetheir bioluminescence to lure prey 
effect to enable a quick getaway. 
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